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ON THE EARLY STAGES OF BRUCHOMYIA ARGENTINA 
ALEXANDER (DIPTERA : PSYCHODIDAE). 


By G.H. SAtcHELL, Ph.D,, F.R.E.S. 
(Department of Zoology, University of Otago.) 


Tue genera Bruchomyia (Alexander, 1920) and N. emopalpus (Macquart, 1838a, 
18386) comprise certain closely related and primitive Diptera whose annectant 
characters have resulted in their being classified in a number of ways. Alexan- 
der (1928) has reviewed the history of their classification, and it is only necessary 
here to note that they have been placed in the family Tanyderidae, in a separate 
~ family, the Bruchomyidae, in the subfamily Phlebotominae of the family 
a ails and in a separate subfamily, the Bruchomyinae of the Psycho- 
didae. 

Knowledge of the genera has in the past been limited to the adults, but 
during 1950 Dr. Petr Wygodzinsky of Tucuman, Argentina, succeeded in 
persuading captive females of Bruchomyia argentina Alexander to oviposit 
and reared a number of broods through from egg to adult.. Dr. Wygodzinsky 
has very kindly turned over the whole of this unique material, and his notes, 
to me, and has further assisted me by the loan of certain key literature unob- 
tainable in New Zealand. It is a pleasure to acknowledge my indebtedness 
to him. The material will now be described and the affinities of Bruchomyia 
discussed in the light of the new information it provides. 


EXTERNAL STRUCTURE OF THE Mature Larva. 


The mature larva consists of a well developed head, eleven evident body 
segments and a terminal caudal region (fig. 1). Hach of the thoracic segments 
is divided into two annuli and each of the first seven abdominal segments 
into three. The eighth abdominal segment consists of the posterior annulus 
only, and bears the posterior spiracles laterally on conical tubercles (fig. 4). 
The anterior spiracles occur on the posterior annulus of the prothorax. Each 
consists of a central plug connected to the surrounding peritreme by radiating 
threads. The caudal region is cylindrical and bears the anus terminally from 
which two delicate pseudopods can be protruded (fig. 1), which are quite 
unsclerotised, are devoid of terminal crotchets, and can be withdrawn through 
the anus by the aid of retractor muscles. Dorsally (fig. 4) lies a plate split 
medially in the posterior third, whilst on each side a small oval plate lies lateral 
to this. On each side of the median split lies a cylindrical process bearing a 
bunch of four long setae; the four are formed by the bifurcation of two. 
Near the bases of the cylindrical processes, on the surface of the cuticle, lie 
three small sensory setae. The large dorsal plate is covered with minute hair- 
like elements pointing posteriorly; similar elements, pointing anteriorly, 
occur on the ventral surface of the caudal region. 

The integument is covered with strong sclerotised thorns each mounted in 
the centre of a distinct plaque. Ventrally these elements are strengthened, 
but there are no protuberant pads or pseudopods such as occur in Phlebo- 
tomus. 

The head capsule (figs. 2 and 3) is eucephalous, well sclerotised, dark brown 
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Fias. 1-4.—(1) Mature larva of Bruchomyia argentina, lateral view. (2) H 
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in colour, and appears broadly quadrate when viewed dorsally. Structurally 
it is of a type common amongst the Nematocera with a coronal suture of 
moderate length (fig. 3, co.su.), which divides into paired frontal sutures (f.su.) 
which demarcate a median frons ( fr.) from lateral parietals. These extend 
laterally and ventrally and are approximated behind the labium to form a 
narrow hypostomal bridge (fig. 2, hy.b.); a distinct split remains between 
them. The foramen magnum is bounded by the heavily sclerotised post- 
occipital edge (p.o.e.), on which the posterior tentorial scars (p.t.s.) occur 
lateroventrally. The heavily sclerotised subgenal edge (s.g.e.) bounds the 
preoral cavity and extends from the scar of the anterior tentorial pit (a.t.s.) 
dorsally to the mid line ventrally, where the two edges are approximated to 
form the hypostoma (fig. 2, hy.). No subgenal suture is visible and the two 
pairs of tentorial scars are all that remain of the tentorial skeleton. The large 
rectangular toothed plate lying in front of the hypostoma has probably 
been derived from the fused subgenal edge also, and should therefore also be 
regarded as part of the hypostoma. 

The antenna is a single-jointed club-shaped structure projecting into the 
space enclosed by the antennal ring, from its posterior margin (fig. 11, a). 
It does not project from the head capsule at all, and bears about six circular 
sensillae scattered over its surface. Behind and below the antennal ring is a 
clear area of cuticle, seen in profile to be slightly raised, which covers a bean- 
shaped area of pigmented cells. This is the ocellus (fig. 3, oc.), and it is more 
prominent in the early instars than in the mature larva. 

The frons is continuous with the elypeus (fig. 8) which terminates in a 
thickened bifid lobe above the labrum, and bears two pairs of setae, the internal 
and external clypeals (e.c.s. and 7.¢.s.) and two pairs of ring-like sensillae. 

The labrum (figs. 8 and 11) is a transparent projecting lobe overhanging the 
preoral cavity, and bears recurved hairs on the anterior, lateral and ventral 
faces. Proximally it is partly encircled by two sclerites, which touch against 
the tip of the clypeus and which may be termed the proximal labral sclerites 
(p.l.s.). A seta is inserted on the dorsal end of each, and another on the 
ventral end. Nearby, on the lateroventral wall of the labrum, lies the small 
premandible (pr.md.) bearing four teeth. Dorsally two pairs of sense rods 
and a pair of trichoid sensillae lie in the region devoid of hairs. There is 
no epipharynx ventrally, the surface of the labrum passing imperceptibly into 
the wall of the pharynx, which is widely open and not guarded by a filtering 
mechanism as in the Psychodinae (Anthon, 1943). 

The mandible (figs. 7 and 11) is a solid, unjointed, heavily sclerotised struc- 
ture bearing four stout teeth on the outer edge and a prominent prostheca 
(prs.t.) on the inner face. Above the prostheca is a row of fine thorn-like points. 
The mandible is pivoted so that its longitudinal axis makes an angle of 45° 
with the vertical axis of the head. The teeth of the mandible interdigitate 
with those of the hypostoma, the largest tooth of one mandible lying along- 
side that of the other in the median space between the two large median teeth 
of the hypostoma. The mandible preserves the typical pterygote articula- 
tion. On the inner side is a socket (fig. 11, ar.a.), into which fits a condyle 
from the forward extension of the subgenal edge, the two constituting the 
anterior articulation. On the outer side is a small condyle fitting into a 
socket (fig. 11, ar.p.) on the subgenal edge, the two constituting the posterior 
articulation. 
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The maxillae form flat delicate plates closing the sides of the preoral cavity 
and are Jomed to the subgenal edge along their length. An elongate sclerite 
bearing three long setae (fig. 2, ca.) lies in the articular membrane, and repre- 
sents the cardo. Ventrally a small subcardo lies proximal to its lower end. 
A strip-like sclerite distal to the cardo may be the stipes (fig. 5, st.). The 
large palpifer (pl.) is encircled by a sclerite, and bears a single-jointed maxillary 
palp (mx.p.) terminating in a group of sense rods. The palpifer bears a large 
seta, near the base of which are a group of fine points. Most of the remainder 
of the maxilla is taken up by the lacinia (/c.), which bears some sclerotised 
teeth apically, and a seta on the outer side. On the inner side is a crescentic 
row of anteriorly directed fine points. Between the palp and the lacinia 
lies the reduced galea (ga.), bearing about four blunt teeth. A crescentic 
row of posteriorly directed fine points lies on the inner face of the galea. 

The labium. (fig. 9) of Bruchomyia is reduced, as in most Dipterous larvae, 
and is represented only by the mentum and prementum, which form a hairy 
cushion-shaped lobe largely hidden by the hypostoma. A pair of minute 
sense rods may represent the labial palps, and a pair of minute sclerotised 
warts may be the glossae. The dorsal or inner surface of the prementum 
is encircled by a sclerite, the premental sclerite (p.m.s.), which is bluntly toothed 
on its outer margin, and bears two pairs of facets which articulate with the 
tooth-like processes of the suspensorium of the hypopharynx. 

The hypopharyne (fig. 9) is a simple bristle-bearing lobe lying dorsal to the 
prementum. Into the space between the two opens the salivary duct (d.s/.q.). 
Laterally lies the sclerite of the suspensorium (hy.s.) bearing two anteriorly 
directed tooth-like processes. The lower of these articulates with a facet at 
the outer edge of the premental sclerite, the upper with the more medially 
placed facet. 


THE CHAETOTAXY OF THE MaATuRE LaRVA. 


The head and body of the mature larva bear a number of articulated setae, 
the distribution of which is very like that described for Phlebotomus by Barretto 
(1941). Barretto has established a nomenclature for these setae and I have 
adopted this in the main, using English equivalents for his Portuguese terms. 
The number of setae mentioned refers to the number in one half segment. The 
majority of the body setae of the fourth stage larva are of a type found nowhere 
else in-the Psychodidae except in Phlebotomus. Each appears to be made 
of a hollow cylinder of rods covered externally with imbricated scales (fig. 10). 
Up the centre of the cylinder projects a hollow core which expands terminally 
into a transparent ampulla. Such setae will be referred to as brusb-like setae. 
On the dorsal surface of each of the first seven abdominal segments (fig. 13, A) 
a pair of brush-like setae occur on the posterior annulus, set on prominent 
sclerotised bosses; they are the posterior internal dorsal (p.7.d.) and posterior 
external dorsal (p.e.d.). Lateral and slightly anterior to these lies a brush- 
like seta, the posterior laterodorsal (p.l.d.). Ventrally (fig. 14, a), and on 
the same level as the latter, lie two brush-like setae, the posterior lateroventral 
(p.l.v.) and the posterior ventral (p.v.). On the dorsal surface of the middle 
annulus (fig. 13, 4) lies a single brush-like seta, the accessory dorsal (ac.d.): 
lateral and more anterior to this lies a single brush-like anterior lateroventral 
(a.l.v.). Ventrally (fig. 14, a) lie two small brush-like setae, the anterior 
external and internal ventrals (a.e.v. and @.1.v.). 


PROC. R. ENT. SOC. LOND. (A) 28. PARTS 1-3. (MAR. 1953). § 


6 Dr. G. H. Satchell on the early stages of 


The thoracic segments have a different arrangement of setae, and the 
prothorax (figs. 13 and 14, P) differs from the meso- and metathorax (figs. 
13 and 14, m). In the latter (fig. 13, m) the posterior margin of the dorsal 
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Fies. 13, 14.—(13) Chaetotaxy of a, abdominal segment, M, meso- and metathoracic seg- 
ments, and Pp, prothoracic segment of mature larvae in dorsal view. (14) The same in 
ventral view. 

Dorsal setae.—ac.d. accessory dorsal, a.e.d. anterior external dorsal, a.i.d. anterior 
internal dorsal, a.l.d. anterior laterodorsal, a.m.d. anterior median dorsal, p.e.d. 
posterior external dorsal, p.i.d. posterior internal dorsal, p./.d. posterior laterodorsal. 

Ventral setae.—a.e.v. anterior external ventral, a.7.v. anterior internal ventral, 
a.l.v. anterior lateroventral, e.v. external ventral, 7.v. internal ventral, p./J.v. posterior 
lateroventral, ».v. posterior ventral. 

Other terms.—pd. pedichaeten, sp. spiracle. 


surface (fig. 13, m) bears a row of three brush-like setae, the posterior internal 
dorsal, posterior external dorsal and posterior laterodorsal (p.i.d., p.e.d. and 
p.l.d.). The single brush-like seta on the annulus in front presumably repre- 
sents the accessory dorsal of the abdominal segments. Laterally a group of 
three brush-like setae is arranged in a triangle, the posterior lateroventral 
(p.l.v.), anterior laterodorsal (a./.d.) and anterior lateroventral (a.l.v.); the 
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first two of these are sufficiently lateral in position to appear in silhouette 
in a dorsal view of the larva and are thus represented in both figures. Ventrally 
(fig. 14, m) lies the group of four simple unfringed setae termed by Feuerborn 
the “ pedichaeten”’ (figs. 14, Pp and M, pd.) ; they are supposed to represent 
the sensory vestiges of thoracic legs and are of widespread occurrence in 
Nematocerous larvae. In Bruchomyia two brush-like setae occur lateral to 
the pedichaeten, the external and median ventrals (e.v. and m.v.) and one 
medial to the pedichaeten, the anterior internal ventral (a.7.v.) ; posterior to 
this is the simple posterior internal ventral (p.i.v.). | 

In the prothorax the greatest departure from the condition in the meso- 
and metathorax is seen in the presence of three additional brush-like setae 
set in line and spaced more or less equidistant between the accessory dorsal 
and the anterior laterodorsal (fig. 13, p). These three may be termed the 
anterior internal dorsal, the anterior median dorsal and the anterior external 
dorsal (a.1.d., a.m.d., a.e.d.). There is thus a row of five brush-like setae on the 
anterior margin of the prothorax extending from the midline to the lateral 
margin and comprising the av.d., a.i.d., a.m.d., a.ed. and a.l.d. The arrange- 
ment on the ventral surface (fig. 14, Pp) differs only in that the median ventral 
(m.v.) and the anterior internal ventral (a.7.v.) are simple and not brush-lke 
setae. Also visible in this region, but not really belonging to it, are the paired 
cervical sclerites each with two simple setae. 

The eighth abdominal segment has a chaetotaxy like that of the other seven, 
except that only the setae of the posterior annulus are present (p.i.d., p.e.d., 
p.l.d., p.l.v. and p.v.) and the last two of these are simple and not brush-like. 

The cephalic setae are all simple, a feature in which Bruchomyia differs 
from Phlebotomus, for here, at least, some of the posterior cephalic setae are 
brush-like. The arrangement of the cephalic setae is shown in fig. 3. 


THe Kee. 

The egg (fig. 12) is oval and measures 0-58 mm. by 0-22 mm. (average of 
six eggs). It is covered with a tough flexible yellowish chorion and its outer 
surface is sculptured into a series of ridges forming a pattern. Dr. Wygod- 
zinsky informs me that the oviposition posture is similar to that of Phlebotomus, 
the eggs being laid singly and inserted into the medium (in this case rotting 
wood). Two egg batches, one of 61 and another of 49, probably represented 
the total complements of the two flies concerned. The egg stage lasted 10-11 
days in the unheated laboratory. The larva emerged through a longitudinal 
slit at one end of the chorion. 


THe LARVAL INsTARS. 
The dimensions and duration of the four larval instars are shown in the 
following table : 


Tnstar. 
oe ee 

ae 

1. 2. oF 4. 
Duration (days) . ¢ 3 : . IL1-12 11-14 8-11 19-21 

6-8 
‘| : ; d 8-2 (4) 

Length (excluding caudal process) . 1-4 (6) 3-4 (4) 4-2 (5) 
Caudal process + setae . . . 0-42 (2) 0-35 (2) 0-52 (1) 0-64 (1) 
Head width ee 0-19 (2) 0-271) «0-39 (4), «0-52 (3) 
Head length 3 : . 0-21 (4) 0-29 (4) 0-4 (5) 0:56 (3) 
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In this table measurements are in millimetres and the number in brackets 
indicates the number of measurements made of each character. The details 
of the duration of the various stages are from Dr. Wygodzinsky’s notes and 
relate to two cultures followed through in the unheated laboratory, 

The first instar differs from the three subsequent instars in that the caudal 
processes bear only a single seta, which is not only proportionately longer than 
in subsequent instars, but is actually longer than in the second. In addition, 
there are two differences in chaetotaxy: one of the setae in the row of five 
present on the anterior dorsal margin of the prothorax is missing, whilst in 
each of the thoracic segments the posterior lateroventral is missing. The 
accessory dorsals of the abdominal segments are proportionately much less 
developed, but are clearly present. 


Tue Pupa. 


The respiratory horn (fig. 6) is short, cylindrical, and terminates in a narrow 
plate bearing about eight pits (pt.). The felt chamber (f.c.) is straight and 
undivided and communicates with the tracheal extension (ér.e.), which bears 
a retiform thickening. There is no closing mechanism at the base of the horn 
as in Psychoda (Satchell, 1948). 

The abdominal segments are poorly armed with spines and bear a number 
of setae, each of which is curved at the tip and ends in a bulb-like swelling, as 
in fig. 6. On the abdominal segments these setae are arranged exactly as 
are the setae of the larva. The caudal region, corresponding to that of the 
larva, terminates in two prominent awl-like spines which bear a group of 
three small setae around their bases. According to Dr. Wygodzinsky’s notes 
the pupal stage lasts 14-18 days in the laboratory. 


DISCUSSION; 


Within the Psychodidae two main types of larvae may be distinguished, 
depending on whether the posterior spiracles are borne at the tip of a tubular 
respiratory siphon, or are placed on the sides of the eighth abdominal segment. 
This basic difference is reflected in various other differences of mouth-parts - 
and pharynx, which will be considered later, but on the respiratory system 
alone Bruchomyia can be seen to align itself with the latter group. In this 
group occur the larvae of Trichomyia (Keilin and Tate, 1937), Sycorax (Feuer- 
born, 1933; Bangerter, 1928) and Phlebotomus, (Barretto, 1941: Keilin and 
Tate, 1937 ; Schevtschenko, 1931; Perfiljew, 1928.) The larva of Trichomyia 
is a specialised wood-borer, that of Sycorax a marginal form with a number of 
specialised features such as the long antennae; it is to that of Phlebotomus 
that the greatest resemblances can be found and it is with Phlebotomus that 
the most instructive comparisons can be made. In comparing the two genera 
the account given by Barretto (1941) of Ph. (Brumptomyia) intermedius Lutz 
and Nieva will mainly be used since this includes details of the chaetotaxy. 

' The head capsule has a coronal suture of moderate length ; in Phlebotomus 
this suture is long, whilst in the Psychodinae it is short. The hypostomal 
bridge is a little narrower than in Phlebotomus, but the arrangement of the 
completely separated toothed hypostoma is identical with that of Phlebo- 
tomus. The presence of ocelli may constitute a difference, since none are 
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reported in Phlebotomus, but they are so easily overlooked in specimens that 
have been treated with potash that they may yet turn out to be present in 
both larvae. The antenna of Bruchomyia offers one of the most distinct 
pots of difference, as it is single-jointed and non-protuberant whilst the 
antenna of Phlebotomus is three-jointed and projects strongly from the head. 
The mandible with its four prominent teeth is identical in shape to that of 
Phlebotomus and the labrum with its encircling proximal labral sclerite and 
absence of a definite epipharynx is very similar. The maxilla is not sufficiently 
clearly figured in Barretto’s account to render comparison easy, but from the 
figure given by Keilin and Tate (1937) of Ph. argentipes Ann. and Brun. it can 
be seen that there is a single-jointed palp, and that on the inner side the lacinia 
has a crescentic row of anteriorly directed points and the galea has a row of 
posteriorly directed points, as in Bruchomyia. The hypostoma is similarly 
toothed in both larvae and the reduced mentum and prementum are alike, 
but whereas the premental sclerite of Bruchomyia bears a row of small rounded 
teeth, that of Ph. intermedius bears only three large pointed teeth. The 
arrangement of the hypopharynx and hypopharyngeal sclerites are, I think, 
similar, though Barretto’s figures are not completely clear on: these points. 
The pharynx of Bruchomyta is similar to that of Phlebotomus as judged by the 
figure given by Perfiljew (1928), and lacks any filtering device. 

The head capsule of Bruchomyia bears only simple setae, whilst in various 
species of Phlebotomus at least the more posterior setae are brush-like. In 
Bruchomyjia there are two clypeal setae present, not one, the posterior frontals 
lie outside the frontal suture, not inside, the genoventrals are represented 
only by a ringmark, and there are postoccipitals present. 

_ There is a close similarity in the chaetotaxy of the body segments. Brush- 
like setae are found only in Phlebotomus and Bruchomyia within the Psycho- 
didae. The abdominal segments have a similar chaetotaxy except that in 
Ph. intermedius the accessory dorsals, anterior internal and external ventrals 
and posterior ventrals are simple, not brush-like setae. However, some of 
these differences are probably only of a specific nature, since Ph. (Brumpto- 
myia) fischeri Pinto has the accessory dorsals and anterior external ventrals 
brush-like (Barretto, 1941). The thoracic chaetotaxy is similar except that 
in Phlebotomus the accessory dorsal of the meso- and metathorax is absent, 
though in the prothorax it may be represented by the seta termed by Barretto 
the anterior external dorsal. In his figures of Ph. intermedius Barretto depicts 
a prothoracic seta, the posterior lateroventral, which is, I think, serially homo- 
logous with his basalar of the meso- and metathorax. If this is so, they cor- 
respond with the posterior lateroventral of the three thoracic segments of 
Bruchomyia. In both larvae these setae are absent in the first instar; they 
are acquired in the second instar in Bruchomyia, but not until the third in 
Phlebotomus. The posterior ventral of Bruchomyia appears to be unrepre- 
sented, whilst the internal and anterior ventrals may be represented by the 
intermediate and internal ventral of Phlebotomus. The three anterior pro- 
thoracic setae, a.i.d., a.m.d. and a.e.d., are not present in Ph. intermedius, 
but at least one, possibly two, of them occur in other species, e.g., in Ph. 
(Brumptomyia) pestani Barretto and Coutinho (Barretto, 1941). The setae 
labelled by Barretto the anterior internal and external ventrals of the pro- 
thorax are, I think, the paired setae occurring on the cervical sclerites posterior 
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to the ventral head margin, and are not strictly prothoracie setae. In Phlebo- 
tomus they are brush-like, in Bruchomyia simple. ; 

Apart from these minor differences in chaetotaxy the two larvae differ in 
that there are no ventral protuberant pads, functioning as pseudopods, in 
Bruchomyia. The position of the posterior spiracles is similarly arranged ; 
the caudal processes possess four long caudal setae instead of two. But 
these four long setae in Bruchomyia arise by the bifurcation of two, and in 
both genera the first instar larva has but a single caudal seta of relatively 
great length. The paired protrusible anal pseudopods are unrepresented in 
Phiebotomus, and Bruchomyia has no long brush-like setae lateral to the caudal 
processes, 

The egg of Bruchomyia closely resembles that of Phlebotomus in possessing 
a hard yellowish sculptured chorion, and differs from those of the Psychodinae, 
where they are small and white. The first stage larvae differ in that there is 
no trace of the cephalic egg burster in Bruchomyia. The pupae differ in that 
the hairs ending in bulbous tips, which are so characteristic of Bruchomyra, 
do not occur in Phlebotomus. The pupal horns differ in size, but there is such 
a great variation in the size of the respiratory horn within a genus that this 
may not be a significant difference. 

The preceding comparison shows that the early stages of Bruchomyia 
resemble those of Phlebotomus closely. The most important differences are, 
perhaps, the absence of an egg burster, the single-jointed antenna and the 
absence of abdominal pseudopods. These resemblances and differences can 
only be seen in their proper perspective when the likeness of the larva of 
Bruchomyia to that of other genera of Psychodidae has been discussed. In 
the subfamily Psychodinae, containing such genera as Psychoda Latreille, 
Pericoma Walker and Telmatoscopus Eaton, the larvae are semi-aquatic or 
marginal, and the abdomen terminates in a tubular respiratory siphon con- 
sisting of the eighth, ninth and tenth abdominal segments, which bears the 
posterior spiracles close together at the tip. They are guarded by two pairs 
of hairy processes. The mouth-parts are modified for feeding on a suspension 
of fine particles, the mandible being apparently two-jointed through a break- 
down in sclerotisation below the incisal process. The mandible swings in 
and out of the preoral cavity and does not bite against the hypostoma. 
The maxillae have the cardo fused with the subgenal edge, and the palp is 
less distinct. The labrum has a distinct, lozenge-shaped, bristle-bearing 
epipharynx, and prominent premandibles are present on each side of this. 
The hypostoma does not form a separate plate cut off from the subgenal 
edges. The chaetotaxy (Feuerborn, 1927; Satchell, 1949) is quite different 
from that of Bruchomyia. The pharynx forms a complex filtering apparatus, 
the structure of which has been described by Anthon (1943) and Hévener 
(1930). In it the suspension of food-particles is concentrated, the particles 
being held back and the water ejected. Both the method of feeding and the 
type of respiratory siphon are adapted to an aquatic or marginal mode of 
life, and in fact the majority of species are aquatic or marginal in habit. Such 
larvae differ from that of Bruchomyia completely, and have their nearest 
relatives outside the Psychodidae in such families as the Trichoceridae, Rhy- 
phidae, and Ptychopteridae. 

More resemblances are seen with the larvae of the subfamily Tricho- 
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myiinae. Here at least the posterior spiracles are located laterally on the 
eighth abdominal segment, the mandible is undivided and the pharynx is 
not modified to form a filtering apparatus. But beyond this the resemblance 
is not close for the larva of Trichomyia is a specialised wood-borer, whilst 
that of Sycorax is a curious onisciform creature adapted to life on the under- 
side of moist stones. In its long four-jointed antenna, retractile head and 
prothorax and adhesive organs on the pupa it also is highly specialised. 

It can thus be seen that the larva of Bruchomyia not only shows very 
many points of similarity with that of Phlebotomus, but that the points of 
difference between the two are small when compared with those that appear 
between larvae of the other subfamilies of Psychodidae. Were the placing 
of Bruchomyia to depend only on the evidence supplied by a study of the 
early stages, there is little doubt that it would be placed as another genus 
within the Phlebotominae. However, correct classification should endeavour 
to balance the evidence from a study of all the stages and the considerable 
imaginal differences cannot be disregarded, such as the absence of haemato- 
phagous mouth-parts, the dichotomous rather than pectinate radial sector 
and the less reduced cubital. It appears best to retain the subfamily Brucho- 
myinae, but to recognise that it is more closely related to the Phlebotominae 
than to the Trichomyiinae or Psychodinae. 


SUMMARY. 


The mature larva of Bruchomyia argentina Alexander is described. The 
antenna is single-jointed and club-shaped, the mandible is undivided and 
the maxilla has a distinct galea and lacinia and a single-jointed palp. The 
labium consists of a strongly toothed and completely separated hypostoma 
overlying a reduced mentum and prementum, and the latter is closely approxi- 
mated to the hypopharynx. 

The posterior spiracles are borne on the lateral margins of the eighth ab- 
dominal segment; the caudal region bears paired processes bearing each a 
bunch of four setae. The chaetotaxy is very like that of Phlebotomus, a resem- 
blance that extends to the egg and early larval stages. This resemblance is 
discussed, and it is concluded that the subfamily Bruchomyiinae should be 
retained but that it is closely related to the Phlebotominae. 


I have already acknowledged my indebtedness to Dr. Petr Wygodzinsky 
for his many kindnesses, but thanks are also due to Berta Juarez Heredia, 
who presented me with the drawing of the egg of Bruchomyia argentina, which 
I have included in this paper as fig. 12. 
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List oF ABBREVIATIONS. 


a., antenna. 

ab.m., abductor muscle apodeme. 

ad.m., adductor muscle apodeme. 

a.f.s., anterior frontal seta. 

ar.a., anterior mandibular articula- 
tion. 

ar.p., posterior mandibular articula- 
tion. 

a.t.s., anterior tentorial scar. 

ca., cardo. 

cl., clypeus. 

co.su., coronal suture. 

d.sl.g., salivary duct. 

e.c.s., external clypeal seta. 

f.c., felt chamber. 

fr., frons. 

f.su., frontal suture. 

ga., galea. 

g.d.s., genodorsal seta. 

glo., glossa. 

g.l.s., genolateral seta. 

g.v., genoventral ringmark. 

hy., hypostoma. 

hy.b., hypostomal bridge. 

hy.ph., hypopharynx. 

hy.s., suspensorium of hypopharynx. 


1.¢.s., internal clypeal seta. 
an.m., incisor teeth of mandible. 
lb., labrum. 

le., lacinia. 

I.p., labial palp. 

md., mandible. 

mt., mentum. 

me., maxilla. 

mzx.p., maxillary palp. 

oc., ocellus. 

p.f.s., posterior frontal seta. 
pl., palpifer. 

p.l.s., proximal labral sclerite. 
p.m.s., premental sclerite. 
p.0.e., postoccipital edge. 
p.o.s., postoccipital seta. 
pr.md., premandible. 

prs.t., prostheca. 

p.sp., posterior spiracle. 

pt., pits. 

p.t.s., posterior tentorial scar. 
sg.e., subgenal edge. 

st., stipes. 

tr.e., tracheal extension. 

v.d s., verticodorsal seta. 

l.s., verticolateral seta. 


A NOTE ON TERMITES FROM ST. HELENA. 
By W. Victor Harris, F.R.E.S. 


Iv is recorded in the Proceedings of the Society for 1863 that the Secretary 
read a letter from the Governor of St. Helena, forwarded by the Lords Com- 
missioners of the Admiralty, on the subject of termite damage to buildings on 
that island. In this it was suggested that the termites had been introduced 
some twenty years previously in timber from the Guinea Coast. Six years 
later specimens of the insect in all its stages were exhibited at a meeting of the 
Society, when the opinion was expressed that it was not referable to any 
described African species, but rather appeared to be a West Indian or Brazilian 
species resembling Termes tenuis Hagen. At this time “ the fearful ravages ”’ 
a the termite appear to have been restricted to Jamestown, capital of the 
island. 

In 1936 Silvestri described a new species of termite from St. Helena as 
Leucotermes perfidus, the soldiers of which differ from Hagen’s tenwis in size, 
number of antennal segments and shape of labrum. 

Termite damage has continued on the island, and it appears that many old 
buildings, including Longwood Old House, where Napoleon’s last years were 
passed, have suffered severely. Through the kind co-operation of Mr. N. 
Humphrey, Agricultural Officer, I obtained specimens of termites from St. 
Helena in 1951, which were referable to L. perfidus Silvestri. Later I was 
able to examine, in the British Museum (Natural History), a small collection of 
termites made by Sir Frank Stockdale in 1939 on the island, in which this 
species was represented from three localities, viz., Jamestown—mud-bonded 
wall; Plantation House—timber; Scotland—scented geranium plant. This 
termite is widely distributed on the island, and it seems likely that it is the 
same one previously identified as Termes tenws. 

However, Dr. A. E. Emerson of Chicago University has very kindly examined 
my material, and writes that “they matched very well indeed with Morpho- 
types from the Neotype colony of Heterotermes platycephalus Froggatt from 
Australia,’ and adds that he is of the opinion that Heterotermes perfidus (Sil- 
vestri) is a synonym. To summarise the nomenclatorial changes then, we 
have— 


Termes tenwis Hagen (1869, Proc. ent. Soc. Lon. 1869 : xi). 
Leucotermes perfidus Silvestri (1936, Bull. Soc. ent. Fr. 44 : 203). 
Heterotermes platycephalus Froggatt (Emerson, 1951 an litt.). 


Termites of the family Rhinotermitidae, which includes the genus Hetero- 
termes, are typically subterranean in habit, and, although they make extensive 
galleries in wood, even to the extent of having colonial nurseries far removed 
from the royal cell, yet it is only rarely that particular species become isolated 
from the soil. For this reason members of the Rhinotermitidae are much less 
likely to be transported long distances to new habitats than are the dry-wood 
termites of the family Kalotermitidae, many of which are fast becoming 
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tropicopolitan. The discovery of a Heterotermes which is otherwise restricted 
to Australia in St. Helena is surprising, but it has a parallel in the presence of 
Heterotermes philippinensis (Light) in Mauritius (Moutia, 1936), far removed 
from its type locality in the Philippines. According to Hill (1942), H. platy- 
cephalus is not known to be of any economic importance in Australia, where 
it has been collected in logs, stumps and dry wood, and also under stones. 
In the different environment of St. Helena it would seem to have become 
more active. 

A second species of termite is now to be recorded from St. Helena. This 
is Cryptotermes brevis (Walker), a dry-wood termite—family Kalotermitidae—of 
American origin. It was collected by Stockdale in 1939 from stored blue-gum 
timber at Jamestown, and in roof-beams at Sandy Bay. No data are available 
to suggest when it was introduced there. Its first record on the African con- 
tinent was in 1921 at Durban, Natal (Fuller, 1921, as C. pseudobrevis sp. n.). 
It has since been reported at Boma, Belgian Congo (Vrydagh), Njala, Sierra 
Leone (Hargreaves) and, in 1951, at Port Harcourt, Nigeria. 

A similar association of C. brevis with a Heterotermes sp. in the infestation 
of buildings and timber is to be found in the Bahamas (Snyder, 1948). Itisa 
formidable combination from the control aspect, in that entry has to be 
countered both from the soil and from the air. Accidental introductions of 
Kalotermitids have occurred along the main trade routes owing to the ease 
with which living colonies can be contained in timber and furniture, but they 
are not the only termites which, given favourable opportunity, may increase 
their range. 

Tam grateful to Mr. N. D. Riley for the opportunity to examine the termite 
collection at the British Museum, Natural History. 
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Boox Notice, 
Rocky Mountain Naturalists. By JosepH Ewan. 8vo. Denver, Colorado, 


U.S.A. (University of Denver Press), 1950. Pp. xiv + 358, portraits. 
Price $5.00. 


This work, which is dedicated to the late T. D. A. Cockerell, is divided into 

two sections, the first comprising detailed biographies with portraits of nine 
leading naturalists of the Rocky Mountains, and the second a list in the form 
of a biographical dictionary of 798 natural history collectors. 
Although the detailed biography of T. D. A. Cockerell is the only one of 
immediate interest to entomologists, the particulars of the other lesser-known 
collectors, many of whom were entomologists, which have been brought together 
in the second half of the book, provide a most valuable work of reference. A 
very full index completes the work. 
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A METHOD OF REARING TRICHOPTEROUS LARVAE 
COLLECTED FROM SWIFT-FLOWING WATERS. 


By G. N. Pumiprson, B.Sc., Ph.D., F.R.E.S, 
(Department of Zoology, King’s College, Newcastle-wpon-T'yne.) 


Ir is well known that many freshwater animals collected from swift-flowing 
waters soon die when kept in still-water aquaria. I have found that a number 
of species of caddis-fly larvae from swift-flowing water, which cannot be kept 
alive in still-water aquaria for long periods, can be successfully reared to the 
adult stage by the use of aquaria in which the water is kept continually moving. 

For this purpose 2-lb. glass jam-jars were used, the bottoms of which 
were covered with small stones and pebbles and in which the water was kept 
continually in motion by means of revolving stirrers. The water circulating 
in the jars simulated conditions in a flowing stream. Under these conditions 

nets were freely spun by species of larvae having this habit, and food material 
introduced into the jars was carried round by the action of the stirrers until 
eventually it was caught in the nets and consumed. This, together with the 
saving in water involved, constitutes a great advantage over methods requiring 
a source of running water. It also obviates the dangers involved in depending 
on cages built in a flowing stream, and makes possible detailed observations 
through a binocular microscope of the habits of the larvae. 

It was found unnecessary to provide an aerating system. It was only 
necessary to change the water in the aquarium jars when this became con- 
taminated. 

When emergence of pupae is expected some provision must be made to 
enable the pupae to climb out of the water and, in order to prevent the escape 
of the adult flies, the jars must be covered with lids through which the rotating 
shafts of the stirrers pass. 

In the apparatus which I used (see fig. 1) the glass stirrers were coupled 
by means of a short length of rubber tubing to metal shafts driven through 
gearing by an electric motor. By means of a system of pulleys it was possible 
to use a number of jars together. 

By this method larvae of Hydropsyche instabilis Curtis and Wormaldia 
subnigra McLachlan, both of which quickly die in still-water aquaria, have 
been reared to the adult stage. The method has also been used to rear the 
net-spinning larvae of Polycentropus flavomaculatus Pictet to the adult stage. 

The immature stages of the Trichoptera had been comparatively neglected 
by British workers until Hickin (1942-1952) in a series of papers commenced 
the description of the larvae of this group from British specimens. Hickin 
has now described the larvae of thirty-four species, and Macdonald (1950) has 
described and discussed the larvae of three further species. Hickin has also 
considered the general morphology of the larvae (1946) and of the pupae 
(1949) of this group and published keys for their identification to Family 
level. 
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No descriptions of the species which have been reared by the method 
described in this paper have yet been made from British material, and it is 
therefore proposed to describe in subsequent papers the morphology of the 
larval and pupal stages of these species and their behaviour and feeding habits 
as observed in the aquarium. 


Fic. 1.—Aquarium jar with glass stirrer as used for rearing caddis-fly larvae from swift- 
flowing waters. A number of fine twigs project from the surface of the water to enable 
the swimming pupae to climb out of the water, and the top of the jar is covered with 
a lid to prevent escape of the adult flies. Two pupal shelters of H. instabilis are seen 
attached to the wall of the aquarium jar. Multiple stirring arrangements by a system 
of pulleys from the driven shaft a are indicated. 
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THE LARVA AND PUPA OF HYDROPSYCHE INSTABILIS CURTIS 
(TRICHOPTERA, HYDROPSYCHIDAE). 


By G. N. Puitreson, B.Sc., Ph.D., F.R.E.S. 
(Department of Zoology, King’s College, Newcastle-upon-Tyne.) 


Tue larvae were collected from the River Blyth near Stannington Bridge, 
Northumberland. This is a small river which shows marked alternation of 
shallow swift-flowing and deeper slow-flowing reaches. The larvae were found 
in the swift-flowing waters, their distribution contrasting sharply with that of 
H. pellucidula Curtis, the larvae of which were found to be generally distributed 
throughout the river. H. instabilis larvae were kept in the laboratory in 
stirred aquaria (Philipson, 1953), the stirrers being rotated at a speed of approxi- 
mately 65 rp.m. Under these conditions they built shelters, spun nets and 
fed actively. They were successfully reared to the adult state. The identi- 
fication of the adult flies was kindly confirmed by the late M. E. Mosely of 
the British Museum (Natural History). 


Larva (fig. 1, 4).—Campodeiform, about 17 mm. long and 2 mm. broad. Head (fig. 1, 
B) yellow with characteristic dark brown or black markings. On clypeus a pattern is 
marked out consisting of four yellow areas surrounded by black, of which that furthest 
from the mouth is usually the most distinct ; oral and lateral areas may be confluent by 
absence of the dividing arms of the forwardly directed Y-shaped figure. Eyes surrounded 
by yellow areas. Antennae are described for the genus (Lestage, 1921) as being “ rudi- 
mentaires, formées d’un petit tubercle pale inséré prés de la base des mandibles et portant 
deux soies pales et deux bdtonnets sensoriels.”’ In this species no distinct antennal area 
could be discerned. Many short sclerotised spicules on sclerites of head. Labrum (fig. 1, 
F) transversely elliptical and bears well-developed lateral brushes and a number of small 
bristles on upper surface. Two large bristles inserted anteriorly. Mandibles (fig. 1, 
G, H) roughly triangular in shape, each bearing a narrow groove on external surface in 
which are situated a number of bristles. Internal surface concave, tip and lower edge of 
concavity bearing a number of teeth. Left mandible bearing a small internal brush which 
is absent from the right mandible. Mentum, which is contiguous proximally with the 
gular plate, bifurcated distally and bearing a number of bristles. Mazillae and labiwm 
(fig. 1, 5) can be completely withdrawn within limits of distal border of mentum, or pro- 
truded beyond limits of labrum. Maxillary lobe long and fingerlike, bearing small papillae 
at tip, numerous hairs on inner surface and two groups of bristles at base. Labial palps 
rudimentary. 

Thorax: Pro-, mego- and meta-nota greyish-brown in colour and covered with short 
sclerotised spicules. Pronotum bordered with black posteriorly and laterally. Meso- 
and meta-nota have black lateral and anterior borders. On posterior margin of mesonotum 
(fig. 1, c) a curved, M-shaped black mark ; within central angle of the M are 5 to 7 dark 
spots and there are similar marks posteriorly in lateral angles. In middle of posterior 
edge of metanotum (fig. 1, D) a black band separated from the dark margins by a row of 
small spots. Immediately behind prothoracic legs is a, small ventrally placed sclerite, 
transversely elongate, with a black anterior border. Two small sclerotised areas lie 
posterior to this. 

Legs (fig. 1, L) strong and well provided with strong black bristles. Femora, tibiae 
and tarsi provided internally with yellow spines. Trochanters of prothoracic legs provided 
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Fig. 1.—Larva of Hydropsyche instabilis Curtis. a. Larva, lateral view. 3B. Head. 
c. Posterior border of mesonotum. pb. Posterior border of metanotum. E. 
Anal claw. ¥F. Labrum. @. Left mandible, internal surface and from above. 
u. Right mandible, from above and internal surface. J. Maxilla and labium. 
Kk. Plumose hair from leg. 1 1-3. Pro-, meso- and metathoracic legs. 
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with long yellow bristles. Plumose hairs (fig. 1, K) occur on coxae and femora of meso- 
thoracic legs and on femora of metathoracic legs. A single plumose hair is placed at 
about the centre of internal edge of femur of each prothoracic leg. Claws of meso: and 
metathoracic legs strong and much curved, and each has a strong basal spine. Claws 
of prothoracic legs less curved and provided with finer basal spines. Prothoracic pleural 
sclerites bifurcate anteriorly. 

Abdomen covered with numerous small black spines. No lateral line. Gills well- 
developed branched structures, each arising from a single stalk ; situated ventrally on the 
meso- and metathorax and abdominal segments I to VI inclusive. Gills may occur singly 
or in pairs, the two basal stalks arising side by side. On each side they are arranged in 
the following manner: Mesothorax bearing a single tuft placed near insertion of coxa. 
A similarly placed single tuft on metathorax together with a single tuft median to it. Two 
tufts occur on first abdominal segment; on abdominal segments II to VI a double tuft 
placed laterally and a single median tuft. A number of conical gill-like processes develop 
iaterally on the abdomen in segments III to VI when the larva is constructing its shelter 
preparatory to pupation : these occur on posterior margins of segments, there being one on 
the third segment, while the fourth, fifth and sixth segments each have three placed one 
behind the other, the anterior being the smallest, the posterior the largest. 

A number of minute yellow backwardly-directed spines occur on triangular sclerotised 
areas of eighth and ninth abdominal segments. Two such areas occur ventrally on eighth 
abdominal segment, apices of triangles being directed forwards. Along bases of triangles 
are a number of large backwardly-directed bristles. Two similar though larger areas occur 
on ninth abdominal segment, which also bears two smaller areas on each side. 

Anal appendages (fig. 1, 4) well developed and leg-like, each with a long sclerotised 
segment bearing numerous small bristles and terminating in a strong curved claw, which 
(fig. 1, =) has a large basal bristle and a number of smaller bristles. Above attachment 
of claw a number of very long black bristles directed posteriorly. 

Four anal gills present. 

Pupa (fig. 2, 4).—About 9-12 mm. long, 2:-5-3-5 mm. broad. 

Head with numerous black spines. Labrum (fig. 2, B) three-lobed, there being a large 
median lobe and two small lateral lobes; provided with numerous small spines and a 
number of long bristles. Mandibles (fig. 2, c, D) long, the right having three and the left 
four teeth. Each mandible with two to five dorsal bristles and numerous basal and ventral 
hairs. Maxillary palps five-segmented, the fifth being the longest, and the first the shortest. 
Labial palps composed of three segments, of which the third is the longest. 

Legs strongly flexed at trochanter and femoro-tibial joint. Tibiae of metathoracic legs 
strongly curved so that tarsi lie side by side along mid-ventral line. Coxae of prothoracic 
legs with a number of black spines, the trochanters with a group of black bristles. Tibial 
spur number 2, 4, 4. First three segments of median tarsi (fig. 2, £) densely fringed with 
fine black hairs ; fourth with a fringe on one edge only. 

Abdominal tergites and sternites with a number of black bristles; posterior border 
of tergites of segments IV and V fringed with long bristles. A pair of pre-segmental plates 
on each of abdominal segments III to VIII, each bearing « number of backwardly-directed 
hooks. Post-segmental plates of segment III larger, transversely elliptical, and with a 
number (about 70) of minute, forwardly-directed spines arranged round the edges. Post- 
segmental plates of segment IV smaller, more rounded and with a number of spines on 
posterior border only. 


The following arrangement of hooks and spines is given by Silfvenius : 
Ill 7-12 oc; I1V4-7; 47-(11). V47. VI46. VII46. VIII 3-7. 

With reference to the post-segmental plate of abdominal segment IV he 
states that in males the number of spines is small, usually 4-7, but may reach 
11 in females. Among the material collected from the River Blyth a male with 
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9 and a female with 9 and 10 spines occurred. The variation in these numbers, 
and in the numbers given by Lestage for other species of the genus, make it 
unlikely that they can serve as useful specific characters. 


E, 


Fia. 2.—Pupa of Hydropsyche insiabilis Curtis. a. Pu i 
Hy . A. Pupa, dorsal view. 3B. Labrum. 
c. Left ee from above. D. Right mandible, from below. §& 1-3. me! 
meso and metathoracic tarsi with portions of tibiae showi inal 
abdominal segments, male, ventral view. pigs Leela ee gS 


a 


Lateral gill-like processes present on abdomen, their form and distribution being similar 
to that of the larva immediately prior to pupation. Groups of gills occur on abdominal 
segments II-VI in a position immediately ventral to the lateral processes on the segment 
in which these are present (III to VI). Each group of gills consists of two tufts. cath 
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Anal processes (fig. 2, F) long and sclerotised, with concave ends. Ventral edge of 
concavity finely toothed and internal angle bears a few yellow bristles. Outer surface 


of each process with long black spines. In males inferior appendages long and curved 
inwards markedly. ‘ 


Discussion. 


The larvae and pupae of this species collected from River Blyth agree with 
the previous description of Silfvenius (1905-06) in all essential respects. 

Ulmer (1909) separated the larvae of H. instabilis from the other known 
species of Hydropsyche by the absence of abdominal gills on the seventh 
abdominal segment in this species and by the markings on head and thorax. 


Bronoey. 
The larvae build a rough type of elongated shelter attached to the sub- 


stratum. The shelter is open at both ends and incorporates a few pebbles, 
pieces of vegetable debris, etc. From one end of the shelter a net is spun 


Fig. 3.—H. instabilis larva feeding at its net, as viewed in a stirred aquarium. The 
shelter of stones and the distal ends of the threads of the net are attached to the 
glass walls of the aquarium. The arrow indicates the direction of the water 
current, 


stretching out into the current. The net may be large, extending an inch or 
more from the mouth of the shelter. A small central portion is neatly spun 
with a small rectangular mesh. Outside this area the spinning is less regular 
and the mesh larger. The small central portion is kept clean by the activities 
of the larva, the outer part becoming covered with silt. The larvae have not 
been observed feeding from this outer area and it is probable that this, when 
silted up, acts as a funnel directing the stream through the feeding area. 
Most frequently, in the aquaria, the larvae would build their retreats 
horizontally, from which the net would stretch up more or less vertically. 
The larva would then be suspended, ventral side uppermost, head into the 
stream (fig. 3). In a few instances more or less vertical retreats were formed. 
When feeding the larva holds itself in position by the anal appendages 
and meso- and metathoracic legs, while the prothoracic legs are held close to 
the under surface of the head, which is moved rapidly from side to side covering 
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the central area of the net. Any particles becoming entangled in the net are 
immediately seized if large enough. The action of seizing is exceedingly rapid. 
The prey is apparently grasped by the mandibles and the prothoracic legs 
simultaneously. Copepods and small Daphnia were observed to be taken and 
a small fresh-water Oligochaete was seized and devoured. Particles which 
are apparently unsuitable—for example large Daphma, or inedible particles— 
are removed from the net and pushed out into the current ; if this is not possible 
then they are cemented firmly in a convenient place by means of silk. 

In ten freshly collected specimens the alimentary canals were found to 
contain animal material among which portions of a mayfly nymph and a 
caddis-fly larva were recognised. In one individual two small Cladocera were 
found. Filamentous algae, Diatoms and Desmids were present, among which 
Closterium figured largely. Fragments of plant tissue were found in two 
instances. Slack (1936) states that the “ gut contents consisted of small 
organisms of an order of size consistent with the method of obtaming food by 
Hydropsyche, i.e., by means of a net collecting minute organisms and debris 
particles carried to it by the flow of the stream ... diatoms proved to be 
dominant.” Lestage considers Hydropsyche larvae to be omnivorous, and cites 
Silfvenius reporting an instance of Hydropsyche larvae attacking the wooden 
piles of a bridge. 

In addition to the snatching of particles from the net, the larvae were 
observed in the aquaria to press the mouthparts against the net and sweep it 
clean by the side-to-side movements of the head. Lestage states that the long 
black bristles on the end of the.anal appendages are used by Hydropsyche 
larvae to clean the net. I have, in no instance, observed this, the only method 
being the use of prothoracic legs and mouthparts already described. The 
larvae have been frequently observed to reverse their position in the retreat 
for a short period. In this movement the head is first pushed down between 
the legs, the thorax is then sharply flexed, the larva becoming bent into a 
V-shape. The head end continues to move towards the hind end, which is at 
the same time drawn up towards it. By a continuation of this movement the 
body is eventually straightened again. The final straightening movement 
consists of flicking back the reflected anal appendages, a movement by which 
the posterior group of bristles is forced against the sides of the retreat. This 
would serve to remove any foreign particles from the inner wall of the retreat 
itself and so help to maintain a free passage for the movement of water. The 
waving of the posterior end of the larva during the rhythmic abdominal move- 
ments described below also serves to keep the posterior end of the retreat free 
of obstruction, and is aided in this function by the presence of the posterior 
bristles. The function of cleansing the retreat is ascribed by Lestage to the 
comb of bristles on the prothoracic legs. In view of the use of these legs in 
capturing food it would appear that the main function of the bristles is to 
increase the efficiency of the legs as raptorial organs. 

Rhythmic abdominal movements are made by the larva, which holds its 
position in its retreat by means of the claws of the legs and abdominal appen- 
dages, between which the abdomen lies slightly curved dorsally. At the 
commencement of a rhythmic movement the abdomen is moved ventrally. 
Sometimes the abdominal appendages then lose their grip of the retreat and the 
abdomen becomes more or less straight. In recovery, with the re-assumption 
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of the curved position of the abdomen, the abdominal appendages again grip 
the retreat. In still water these movements occur practically continuously, 
but in flowing water they occur in groups, with periods of quiescence following 
periods of movement. 

It was observed in the laboratory aquarium that prior to pupation the 
larva generally leaves its old shelter and commences to construct the pupal 
shelter in a fresh location. The pupal shelter is built of small pebbles loosely 
joined together so that small gaps are left between them, which may or may 
not be crossed by thick silken threads. After completing the shelter the larva 
spins a thin, loosely woven, silken cocoon within it. This is separate from the 
inner silken wall of the shelter except at the ends, where they are continuous. 

In the laboratory a period of eighteen days elapsed from the time a larva 
began to construct the pupal shelter to the eclosion of the adult, which latter 
occurs very rapidly after the pupa has climbed out of the water. 
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Boox Notice. 


The Wonderful World of Insects. By AtBro T. Gaut. 8vo, New York and 
Toronto (Rinehart & Company, Inc.), 1953. Pp. 290, pls.. Price $4.00. 


The purpose of this work, which is authoritative without being technical, is 
to show how insects live, what they do, and their importance, and to present 
some of the newer results of insect research. It is an attempt to make a com- 
pact presentation of all the recent trends in insect behaviour and physiology 
studies with a summary of the present knowledge of insects as parasites, friends 
and foes. The chapter headings are: The importance of insects; Which 
insect is which; How insects grow and mature; The eight senses; How 
insects act ; Insects, germs and human health ; The living insect ; The water 
world; The tumult and the vivid dyes; Insects in business ; Health and 
disease among insects; Insects and plants; Insect pests; Insect societies ; 
Those intelligent insects ; The past and the future. 

The book is illustrated by the author’s own photographs. It should also be 
mentioned that an entirely new method of type-composing has been used, the 
Higonnet-Moyroud or Photon photographic process, which does not employ 
metal type. It is the first volume for which this revolutionary method of 
composition has been employed. 
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NOTES ON THE ORTHOPTERA IN CYPRUS, APRIL, 1950. 
By N. Waxorr, Ph.D., F.R.ES. 


(Imperial College of Science and Technology, London.) 


INTRODUCTION. 


Durie a visit to Cyprus in 1950 a general survey of the Moroccan Locust, 
Dociostaurus maroccanus (Thunberg) was undertaken by Mr. A. R. Waterston, 
Mrs. E. Chapman and myself over the whole island, (Uvarov e¢ al. 1951). 
Some additional observations were also made on the other Orthoptera and 
they are summarised here. My stay extended from the last week in March 
to the last week in April and these notes are relevant only to that period. 
The areas in which we spent most of the time comprise seven main ecological 
habitats: ungrazed and grazed garigue, the asphodel-thyme association, 
grass-steppe, field and fallow, salt marsh, beach and sand dunes. It is obvious 
that not all the ecological niches were examined in detail, and the forest areas 
and the maquis, in which D. maroccanus does not live, were only rarely visited. 

The island with its extensive cultivated Mesaoria plain, bordered by the 
northern Kyrenia range and the southern Troodos mountains, has an extreme 
Mediterranean climate, with the rainfall confined to the winter months and 
the temperatures rising rapidly from March until May or June. In 1950 
there was a sharp transition from a cold winter to a warm spring in April and, 
for this reason, it is assumed that the adult Orthoptera caught at the end of 
March and at the beginning of April must have hibernated. 


Mantidae. 


1, Ameles cypria Uvarov.—Nymphs were found in the last week of March 
and the first two weeks of April in the grass-steppe at Mia-Milea, in the grazed 
garigue by Kokkini-Tremithia and the Lakkovounera forest. The first adult 
was collected on the asphodel leaves in the ungrazed maquis of the Lakko- 
vounera forest on 20.iv. 

2. Mantis religiosa L.—A few fairly large nymphs were found in dense 
Bromus at Larnaca (29.iii), in the taller grasses in the maquis at Liveras and 
Lakkovounera forest and in the fallow lands of the Mesaoria plain (30.iii- 
ll.iv). A single freshly moulted female was collected in Nicosia on 18. iv. 

3. Empusa fasciata (Brullé).—Two adult females and a nymph were caught 
in the Lakkovounera forest maquis. One female was resting on a bush of 
Noea mucronata on 11.iv, the other, and the nymph, on the leaves of Asphodelus 
macrocarpus on 20.iv. 

4. Blepharopsis mendica (Fabricius).—Three adults were caught, all on 
Potervum spinosum bushes, in Lakkovounera forest (5.iv. and 6.iv.), and 
one in Poterium scrub by the sea at Larnaca (13.iv.). 
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Tettigoniidae. 


1. Isophya mavromoustakisi Uvarov.—Male and female nymphs were 
collected from 27.iii-16.iv. They were fairly common in the grazed garigue 
of the Kythrean hills and were occasionally found in the ungrazed maquis 
at Liveras, on the northern foothills of the Troodos mountains (up to 3800 ft.), 
on the southern slopes of the Kyrenia range (1800 ft.) and in the garigue by the 
sea at Kyrenia, between Ayios Epiktitos and Karakomi. Adults were col- 
lected by A. R. Waterston in May. 

2. Tettrgonia viridissima L.—Only nymphs of this species occurred at the 
end of March and up to 22.iv. They were invariably found in the taller 
grasses such as Bromus and Avena. Not many specimens were collected, 
and these were mainly from the clearings in the maquis on the northern foot- 
hills of the Troodos. The others were found in the Larnaca airfield (29. iii 
and 13.iv) and at Akhyritou reservoir on 19.iv. 

3. Decticus albifrons Serville——Extremely widespread and common, occa- 
sionally causing serious damage in the wheat fields and other cultivations. 
No adults had yet appeared, but the nymphs were common and numerous 
throughout April. They abounded in practically all the habitats which were 
examined, but were definitely confined to the taller grasses, such as Bromus 
spp., Hordeum spp., and Aegilops ovata. In the open habitats of the grazed 
garigue and on fallow lands they were only in the small islets of the taller 
grasses around the small perennial bushes, such as Noea mucronata, Thymus 
capitatus and Potervum spinosum. There they abounded. 

The following is a list of habitats in which the nymphs were collected : 
grass-steppe ; grazed garigue; asphodel-thyme associations ; in the clearings 
of ungrazed maquis; in the Quercus alnifolia zone of the Troodos mountains, 
up to 3400 ft. 


Acrididae. 
Sub-Family Acridinae. 


1. Ochrilidia pruinosa (Brunner von Wattenwyl).—A small colony of this 
elegant species was seen only once, in dense Juncus patches by the sea-shore, 
3/10 miles from Larnaca towards Famagusta (14.1v). 

2. Deciostaurus maroccanus (Thunberg) is the commonest Orthopteran 
species; its abundance in some years causes alarm. These grasshoppers 
occurred in the open patchy areas with firm or well-trampled soils in all the 
seven ecological habitats listed in the introduction. They were generally 
associated with Poa bulbosa and later with Stipa tortilis. This species was 
not found in the maquis or forest lands. There is a single annual generation, 
diapause occurring in the egg. Hatching in 1950 was first observed on 27. i1i— 
it was said to be late. The total nymphal life was 32 days, lasting from 27. ii 
92,.iv in the Mia Milea grass steppe. The females were copulating and ovi- 
positing from 1l.iv. The pods, which are about an inch long, are laid in the 
upper 1-5 inches of the soil. The majority of locusts were dead by 23-26. vi. 
(For a full account see Uvarov et al. 1951.) 

3. Duroniella lucast 1. Bolivar—Nymphs and adults were found through- 
out April, but the adults became much more numerous towards the end of the 
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month. It would seem that this species hibernates in the nymphal stages and 
resumes growth on approach of warm weather. Only male adults were caught 
in the first 10 days of April. A female caught on 11.iv and two others on 
15.iv were dissected and were quite immature, their ovarioles being still 
threadlike (see Table I). - 

Although not numerous, this species is widespread and nymphs and adults 
occurred in the following habitats: gardens of Nicosia; wastelands of the 
Mesaoria plain; asphodel-thyme association (Lakkovounera forest); grass- 
steppe (Mia Milea); grazed garigue (Lakkovounera forest, plateau above 
Mammazri, foothills above Troodos, Limassol aerodrome) ; ungrazed garigue of 
Troodos foothills; ungrazed maquis (Kaloyeros in Kythrean hills, Troodos 
foothills up to 3400 ft.). In the Larnaca salt marsh both the nymphs and the 
adults appeared definitely associated with the tussocks of Aeluropus repens, 
a sea grass. 


Sub-Family Oedipodinae. 


1. Aiolopus strepens (Latreille)—Only adults of this species were seen, 
or recognised. Some were collected in the Lakkovounera forest area near a 
stream and cultivated land (5.iv, 12.iv), and three others in the Akhyritou 
reservoir (19.iv.). One female from 12.iv was dissected and it was mature 
and ready to lay (see Table I). 

2. Locusta migratoria L. phase solitaria.—One female was caught in a 
fallow land with much Poteriwm spinosum scrub in the Famagusta area, between 
Dherinia and Phrenaros (19.iv). 

3. Oedipoda spp.—Oedipoda miniata Pallas and O. coerulescens L. are 
found in Cyprus. No adults were seen between 27.ili and 22.iv, but the 
concolorous grey or greyish-brown nymphs were easily recognised by the 
characteristic shape of the pronotum. The two species of nymphs, however, 
were not distinguished, as time did not allow for close examination. First 
instar nymphs were widespread in fallow lands, grazed and ungrazed garigue 
and in the clearings of the maquis. Although not in great numbers, they seemed 
to be equally abundant on the firm limestone soils and on the soft shelly clays. 
Only the first instar nymphs were collected at the end of March, but larger 
nymphs of presumably the third and fourth instars appeared by 22. iv. 

4. Acrotylus insubricus (Scopoli).—This species obviously hibernated in 
the adult stage. Both males and females were found in the last week of March 
and throughout April. They were common in the wastelands of grazed garigue 
and in the asphodel-thyme associations throughout the island. No collections 
were taken from the top of the Kyrenia range, nor from the Troodos mountains 
although they may occur there as well. This species does not shun saline 
vegetation, and on several occasions both nymphs and adults were collected 
at Larnaca on wastelands too saline for cultivation. 

The first nymphs definitely recognised as Acrotylus were taken on 10.iv 
Dissections indicated that the females were mature in the first half of April 
(see Table I). 

5. Sphingonotus insularis Uvarov.—The adults of this species 
rather suddenly in the Lakkovounera area in the first se days eel 
A female dissected on 12.iv was ready to lay, so it is presumed that this species 
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TaBLE I.—Dissections of Females. 


Species. Date and place. 
Duroniella lucasi . ll.iv. Nicosia 
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ae re 15.iv 3 

Dociostaurus maroccanus . — 
9° > Cyprus 
Aiolopus strepens . 12.iv. Lakko- 


Acrotylus insubricus 
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Sphingonotus insularis 
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Anacridium aegyptium . 15.iv. Nicosia 
39 ” ° 1 5 . iv . ” 
Pyrgomorpha cypria . 4.iv. Lakko- 


vounera forest 
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ova per Condition of reproductive 


Number 
Number of differ- 
of entiated 
Ovari- 
oles. ovariole. 
8-+8 10-14 
7-+-7 Up to22 
10+10 
16+16 : 
16+17 
17+17 24-26 
12+12 Up to 68 
10+10 Up to 44 
12+12 Up to 40 
224-22 
55-+56 
65-++65 . 
22+22 10-14 
20-+20 
22-22 
25425 
90+20 10-12 


organs. 

Immature. Ovarioles and 
accessory glands thread- 
like. Fat body +. 
Ovarioles threadlike, ac- 
cessory glands with 
pinkish secretion. Fat 
body +. 

Ovarioles and accessory 
glands threadlike. Fat 
body ++. 


For rate of maturation, 
see A. R. Waterston, 
1951, in Uvarov et al. 


Mature 2, with 14 eggs 
in R., 12 in L. oviduct. 
Egg 1 in 15+14 of 
ovarioles nearly ripe. 
Accessory glands long, 
convoluted, full of pink 
secretion. 


Egg 1 fully developed ; 
ovarioles very long. Ac- 
cessory glands full of 
mauve secretion indi- 
cating 2 ready to lay. 
Fat body +-++. 

Egg 1 fully developed, 
accessory glands with- 
out secretion. Fat body 
ate 

Egg 1-} size. Accessory 
glands transparent. Fat 
body +. 

Egg 1 fully developed. 
Accessory glands with 
reddish secretion. 
about to lay. Fat body 
erate 


Egg 1 fully developed. 
© ready to lay. 


Immature. Ovarioles and 
accessory glands thread- 
like. Fat body Zits 


Ditto. 

Egg 1 fully developed. 
Accessory glands long, 
convoluted. Oviducts 
dilated. Fat body ++. 
Egg 1-} size. Accessory 
glands threadlike. Fat 
body ++. 

Egg 1 fully developed. 
Accessory glands and 
oviducts large. Fat 
body —. 
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hibernates in the adult stage. Collections were made in the following places : 
grazed garigue (Lakkovounera forest 5.iv, Sotira 19.iv, Limassol aerodrome 
92.iv); fallow land (Famagusta area between Dherinia and Phrenaros 19.iv) ; 
Akhyritou reservoir 19.iv ; Nicosia 20.1v. 


Sub-Family Catantopinae. 


1. Calliptamus barbarus pallidipes Chopard.—It would appear that this 
species, which occasionally produces outbreaks, mostly hibernates in the egg 
stage, but adult females can also survive the winter. The nymphs began to 
hatch at the beginning of April and were first collected in the ungrazed maquis 
of Lakkovounera forest on 5.iv. In spite of the unusually severe winter for 
Cyprus, two adult females were collected in Poteriwm scrub at Platonisso, 
Karpas. One female was caught on the wing, the second was moribund and 
attacked by numerous ants. Calliptamus nymphs occurred in the grass- 
steppe (Mia Milea); in grazed garigue (in Mesaoria plain, the northern foot- 
hills of the Troodos mountains and by the seashore at Kyrenia) ; in clearings 
in ungrazed garigue and maquis of the foothills of the Kyrenia range and the 
Troodos mountains ; they were particularly abundant in the asphodel-thyme 
associations of the Mesaoria plain and of the Lakkovounera forest of the 
Kythrean hills. 

By 22.iv the nymphs were in their third instar. They were easily identified 
by the characteristic shape of their flat, broad pronotum and extreme hairiness, 
especially in instars I and II. A few descriptions of these nymphs were made 
and are included below. 


Instar I.—Head shorter than the pronotum. General coloration brown mottled with 
black; more rarely, dorsum paler than the sides. Head brown mottled with black ; 
eyes black or greyish-black ; antennae brown. Pronotum brown mottled with black ; 
lateral carinae may be greyish-white. Lateral margins concolorous or pale grey. Femur 1 
and 2 brown. Femur 3 dorsal surface with 3 black markings, side pale brown mottled with 
black. Inner surface with 3 black markings. Femoro-tibial joint black. Tibia 3 brown 
or black with a white sub-basal ring. Ventrum pale brown, face black, mouth parts 
brown. Dorsum of pronotum, abdomen, femora 1 and 2 hairy. Femur 3 and meso- 
sternum very hairy. 

Instar IT.—Head as long as pronotum. General coloration brown mottled or punctured 
with brownish-black or black. Head: eyes brown mottled with black ; antennae brown, 
black mottled. Femur 3 brown with 3 black marks dorsally and 3 on the side, or the 
black pigment diffused between the “herring-bone.” Inner side with 2 diffuse black 
markings. Femoro-tibial joint brown. Tibia 3 black with pale brown sub-basal ring. 
Venter brownish-grey or brown punctured with brownish-black. Rudiments of wings 
and elytra brownish-black to black. Hairiness as in instar I. ‘ 

Instar III.—Only a few nymphs were examined closely : they were similar to instar 0, 
but the hairs were shorter in proportion to the body, the wing rudiments longer. 


2. Anacridium aegyptium (L.).—In the same way as Sphingonotus, Ana- 
cridium adults made a sudden appearance after the first warm days in April 
Adult males and females were caught and were seen flying about on 5.iv and 
6.iv in the garigue of the Lakkovounera forest and in Nicosia. The flights 
were short, some 50-100 ft. at a time and only 2-3 ft. above the ground. The 
adults were then occasionally seen in the same areas to the end of the moan 
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but spontaneous flight was not noted again. A female was seen ovipositing 
in Nicosia on 15.iv, and two other females caught and dissected on this day 
were mature and ready to lay (see Table I). 

3. Thisoicetrus littoralis asiaticus Uvarov.—A female was taken in a dense 
bush of Crstus in a Pinus halepensis wood near Leonarisso, Karpas, on 7.iv. 


Sub-Family Pyrgomorphinae. 


Pyrgomorpha cypria I. Bolivar appeared as the most widespread of all the 
species in April. It occurred in the nymphal and adult stages in wastelands, 
fallow lands, grazed and ungrazed garigue, maquis and woodlands. It was 
found in the central plain, by the sea at Larnaca, Limassol and Liveras, along 
the Kyrenia range and as nymphs at 4000 ft. on a scree of the Troodos moun- 
tains. It is obvious that the males and females hibernate as adults; both 
were collected on 27.iii on the Kythrean foothills. Both first and last instar 
nymphs were found on 29.iii before the beginning of the warm spring and all 
instars and adults were collected throughout the month of April. Two females 
dissected at the beginning of April were immature, two others from the same 
locality on 18.iv had fully developed eggs (see Table I). The adult females 
occur in two colour varieties, green and olive-brown or grey ; no green males 
were found. They were particularly abundant in a Cistus maquis near Leo- 
narisso, Karpas, 7.iv, where 24 pairs in copula were collected in some 30 
minutes. The males were pairing with the green and the brownish females. 
Another stronghold of Pyrgomorpha was found in a juniper scrub by the Temple 
of Apollo, near Limassol. 


DISCUSSION. 


The Orthopteran fauna of Cyprus is not a rich one. This may be con- 
nected with the fact that the island was submerged in the late Pliocene, when 
only the peaks of the northern range and of the Troodos mountains remained 
above water. The island reappeared in the Pleistocene, but it is believed that 
the Karpas peninsula may have been connected to Syria by a neck which has 
been washed away by the sea (Lapas, 1946). There are, however, a large 
number of endemic species and one endemic genus. The list of these species, 
for which I am grateful to Dr. B. P. Uvarov, is given below: Blattidae, 
Hemelytroblatia cypria Chop. (endemic genus) ; Mantidae, Ameles cypria 
Uv.; Phasmidae, Bacillus cyprius Uv.; Tettigoniidae, Tsophya mavromous- 
takisi Uv., Drymadusa inornata Uv., Bucephaloptera cypria Ramme, Pholidop- 
tera cypria Ramme, Conocephalus cyprius Ramme ; Acrididae, Chorthippus 
cypriotus Uv., Xerohippus cyprius Uv., X. sinuosus Uv., Sphingonotus insularis 
Uv., S. eurasius cypricus Mistsh., Pyrgomorpha cypria I. Bol., Orchamus gracilis 
Br. W. ; 

The study of the life cycles of Orthoptera in Cyprus should be rewarding, 
as hibernation or diapause in the different species occurs in any stage from the 
egg to the adult. Some species, such as Dociostaurus maroccanus and Decticus 
albifrons, have only one annual generation hibernating in the egg stage ; others, 
such as Calliptamus barbarus pallidipes, although mainly hibernating in oe 
egg stage, are also found as adults throughout the winter. Yet others, suc 
as Pyrgomorpha cypria, probably occur in the nymphal and adult stages 
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throughout the year. As the winter of 1949-1950 was an unusually severe 
one for the island and the spring was a late one, it is reasonable to assume that 
the adults collected in the early days of spring were those which had hibernated. 
After the first few warm days the appearance of Anacridium aegyptium, 
Sphingonotus insularis, and of Arolopus strepens was rather a sudden one, 
while Acrotylus insubricus became much more active and conspicuous. The 
study of these life histories together with the dissections of the females should 
yield much interesting information on the ovarial cycle and the incidence of 
the reproductive diapause. Table IT can be treated as tentative, but it suggests 
the types of life cycles which could be examined. 


TaBLE Il.—Life cycles of some Orthoptera in Cyprus. 
Period of hibernation or diapause. 


Egg. Nymph. Nymph and adult. Adult. Adult and egg. 
Dociostaurus Duroniella Pyrgomorpha Acrotylus Calliptamus 
maroccanus. lucasi. cypria. insubricus. barbarus 

; pallidipes. 

Ocdipoda Ameles Sphingonotus 
minvata. cypria. insularis. 
O. coerulescens. Anacridium 

aegyptium. 
Decticus 
albifrons. 
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ON THE MUSCULATURE OF THE LEGS OF CORIXA PUNCTATA 
(ILLIGER) (HEMIPTERA). 


By J. R. T. SHort, D.Phil., F.R.E.S. 
(University College, Hull.) 


INTRODUCTION. 


THE morphological interest of the legs of Corixids is in their modification from 
the walking type of leg. The legs of Corixids are specialised for distinct 
functions. The front legs are used in feeding and stridulating, the middle 
legs in clinging and the oar-like hind legs in locomotion. In Weber’s (1930) 
standard work the functioning of these legs is adequately described. He gives 
figures (nos. 22 and 37) of the intrinsic musculature of the middle and hind legs, 
but these figures are not completely accurate. The purpose of this present 
study is to describe the extrinsic and intrinsic leg muscles of Coriaa punctata 
(Illiger). | 

The terminology used is that of Snodgrass (1927, 1929, 1935). The nomen- 
clature used is that of Kloet and Hincks (1945). 

I wish to thank Professor Hermann Weber, who discussed the musculature 
of the Corixid leg with me. 


THe Lee or Primitive PreryGores. 


The middle leg of Locusta may be taken as an example. 

(a) Hatrinsie muscles.—The coxa has a pleural and trochantinal articulation 
with the body. The extrinsic muscles of the coxa are a tergal promotor, a 
tergal remotor, a sternal promotor, a sternal remotor and a sternal adductor. 
There are also coxal muscles which Snodgrass calls pleural abductors. How- 
ever, the positions of insertion of these muscles suggest that their contraction 
will bring about promotion as well as abduction. The wing-bearing segments 
of adult insects possess wing muscles arising on the coxa. 

(b) Intrinsic muscles—The muscles of the trochanter consist of levator and 
depressor groups arising on the coxa. The depressor of the trochanter 1s 
jomed by a group having origin on the tergum and by a group having origin 
on the sternum. The levator muscles are inserted on the dorsal rim of the 
trochanter and the depressor muscles on the ventral. The muscle of the 
femur is a small reductor arising on the trochanter and inserting on the dorsal 
rim of the base of the femur. The muscles of the tibia consist of a levator group 
arising on the femur and inserting on the dorsal margin of the base of the tibia, 
and a depressor group arising on the femur and trochanter and inserting on 
the ventral rim of the tibial base. The muscles of the tarsus consist of a 
levator group arising on the tibia and inserting on the dorsal rim of the first 
tarsomere, and a depressor group arising on the tibia and inserting on the 
ventral rim of the first tarsomere. The muscle of the pretarsus is a flexor 
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which has fibres arising on the femur and tibia and inserting on a long tendon- 
like apodeme extending from the base of the pretarsus. 

The branch of the tibial depressor arising on the trochanter has been noted 
by Hinton (1950) in all insects that have a well-developed trochanter, 1.€., 
- Thysanura (Petrobius maritimus (Leach)), various Orthoptera, Hemiptera, 
Odonata, Ephemeroptera, Megaloptera, Neuroptera, Coleoptera, and the Panor- 


poid orders. 


THE Leg Muscues or Coriza. 


(a) Extrinsic muscles—No adequate comparative study has been made of 
the thorax of Hemiptera. It is therefore difficult to determine the homologues 
in Corixids of the extrinsic leg muscles of primitive Pterygotes. Also, the 
functioning of several of the muscles cannot be described by a single word 
such as adduction or promotion. Usually the functioning of an extrinsic leg 
muscle is judged from its position relative to the point of coxal articulation. 
But in a typical instance with Coriza, the position of insertion of a muscle 
indicates that its contraction will bring about a movement which cannot 
exclusively be described as adduction or promotion. A similar difficulty has 
already been noted with the pleural muscles of Locusta. 

The extrinsic musculature of the middle leg (figs. 2, 3) closely resembles the 
basic Pterygote plan. There is a tergal promotor (tp), a tergal remotor (tr), 
a sternal promotor (sp), a sternal remotor (sr), a pleural abductor (pa) and a 
sternal adductor (sa). The sternal muscles arise on the sternal apophysis 
(sap). 

The muscles of the front leg (fig. 1) are the tergal promotors (tpl, tp2), 
the tergal remotors (ér), a sternal promotor and a sternal remotor (sr). The 
sternal muscles arise on the sternal apophysis (sap). The promotor muscle 
(tp1), which is the more mesad in position, inserts on the trochantin. This 
muscle may therefore be identified as a tergal promotor. The muscle (é¢p2) 
which inserts slightly laterad to this first muscle may be homologous with the 
pleural abductor of the middle leg. Its point of insertion suggests mainly the 
function of promotion, but its contraction will also bring about adduction. 
Similarly, the points of insertion of the remotor muscles suggest the function 
of abduction as well as remotion. 

The muscles of the hind legs (figs. 4, 5) are a tergal promotor (tp), a tergal 
remotor (tr), and a sternal promotor (sp). A corresponding sternal remotor 
was not found. The sternal muscles arise on the sternal apophysis. 

(b) Instrinsic muscles.—These are identical for all legs and are not markedly 
specialized from the condition in Orthopteroids. The levator of the tarsus is 
absent. A levator of the tarsus is absent in Nesara viridula L. (Malouf, 1932). 
a is present, although very slender, in Chermes mali Schmid. (Weber, 
1929). 

Weber (1930), in his description of the middle leg of C. punctata, figures 
and describes a union between the depressor (fig. 2, tad) of the tibia (t/) and the 
flexor (ptf) of the pretarsus (pt). In the forms examined for this paper these 
muscles were separate. Weber also distinguishes an extensor of the pretarsus 
arising on the tibia. This muscle arising on the tibia is a branch of the flexor 
of the pretarsus. Also, the pleural (tdp) and tergal (dé) branches of the 
depressor (dt) of the trochanter (tro) are not shown. 
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pt 


cx 


(1) Posterior view of front leg dissected to 
show extrinsic and intrinsic leg muscles. (2) Anterior view of middle leg dissected to 
show extrinsic and intrinsic leg muscles. (3) Anterior view of coxa of middle leg 
showing some of extrinsic leg muscles. (4) Anterior view of hind leg dissected to show 
extrinsic and intrinsic leg muscles. (5) Anterior view of coxa of hind leg showing 


Fies. 1-5.—Leg of Corixa punctata (Illiger). 


extrinsic leg muscle. 
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In his figure of the hind limb Weber has confused the depressor (tad) of 
the tarsus (ta) and the flexor (pif) of the pretarsus (pt). Weber’s figures of 
the middle and hind leg are of nymphal stages, but an examination of these 
stages has shown that the leg musculature is identical with that of the adult 
as figured in this paper. 


DIscuUsSION. 


The most notable point arising from this study of the musculature is the 
contrast in size of the tergal or pleurotergal branch of the depressor of the 
trochanter in the front, middle and hind legs. The articular line between the 
coxa and trochanter is the main line of movement for the middle and hind legs. 
In all legs the coxa is grooved for the reception of the femur in the extreme 
position of levation. In the hind leg the relatively huge pleuro-tergal branch 
of the depressor of the trochanter is important in moving the limb in the 
strong backward swimming-stroke. In the middle leg, where a strong move- 
ment of depression is not necessary, this muscle is of moderate size. In the 
front leg the muscle is small. 

In the hind leg, where the line between the coxa and trochanter is important 
as a line of articulation, the extrinsic leg muscles are reduced. This reduction 
is correlated with the large size of the pleuro-tergal branch of the depressor 
of the trochanter. 

The coxae of the legs of Corixids are situated in depressions in the body- 
wall and freedom of movement is restricted. The reduction of the extrinsic 
leg muscles may also be correlated with this restriction of movement. Further, 
this reduction in number of the extrinsic muscles may also explain the com- 
posite function of some muscles. 

In the hind leg of Notonecta the pleuro-tergal branch of the depressor of 
the trochanter is well developed and the extrinsic muscles are reduced. In the 
hind leg of the adult of Dytiscus the extrinsic leg muscles appear to function 
only as indirect flight muscles (Bauer, 1910). The muscle moving the entire 
leg is the sternal branch of the depressor of the trochanter. Bauer stresses 
the importance of this muscle in swimming. 

It is of interest that, in the Cicadidae and Aleyrodidae, the pleuro-tergal 
branch of the depressor of the trochanter of the hind leg is the muscle used in 
_ Springing. In the Chermidae the sternal branch of the depressor of the tro- 
chanter is the muscle used in springing (see Weber, 1930: 32, 33). 


SUMMARY. 


The extrinsic and intrinsic leg muscles of Coriza are figured. 

The functioning of several of the extrinsic leg muscles cannot be described 
by a single word (e.g., remotion) as in Locusta. The extrinsic muscles of the 
middle leg closely resemble the basic Pterygote plan. In the hind leg the 
extrinsic musculature is reduced. This reduction is correlated with the 
relatively huge size of the pleuro-tergal branch of the depressor of the tro- 
chanter, the importance of the line of movement between the coxa and 
trochanter in the swimming-stroke and the restriction of coxal movement. 


The intrinsic leg muscles are not markedly specialised from the condition 
in Orthopteroids. 
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List oF ABBREVIATIONS USED ON THE FIGuREs. 


cx, coxa. ta, tarsus, 

dt, depressor of trochanter. tad, depressor of tarsus. 

jm, femur. tdp, pleural branch of depressor of 
fr, reductor of femur. trochanter. 

lt, levator of trochanter. tds, sternal branch of depressor of 
2, second thoracic phragma. trochanter. 

pa, pleural abductor. tdt, tergal branch of depressor of 
pt, pretarsus. trochanter. 

ptf, flexor of pretarsus. tv, tibia. 

sa, sternal adductor. tid, depressor of tibia. 

sap, sternal apophysis tal, levator of tibia. 

sp. sternal promotor. tp, tergal promotor, 

sr, sternal remotor. tr, tergal remotor. 

t, trochantin. tro, trochanter. 
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LARVAE OF THE BRITISH TRICHOPTERA.—35. 
By N. E. Hick, Ph.D., F.R.ES, 


Tinodes unicolor Pictet (Psychomyidae), 


In December, 1950, Dr. H. E. Hinton sent me some larvae of a Psychomyid 
caddis fly which he had collected from a small rapid stream at Failand, near 
Bristol, which is in a limestone region. 

On examination I found these larvae different from the other Psychomyid 
species in my collection and arrangements were accordingly made for me to 
rear some during 1951. Later Dr. Hinton sent me a number of living larvae 
in their fixed galleries on pieces of lime-encrusted rock from the bottom of the 
stream. The pieces of rock were wrapped in damp tissue paper and all wedged 
tightly into a strong wooden box. The larvae appeared to suffer little from 
their two-day journey to my home in Surrey, and quickly settled down in a 
large bowl into which the pieces of rock had been placed. Many of the galleries 
were purposely left above the water level in the bowl, as Dr. Hinton had 
already observed that many of the galleries at Failand were in such a position, 
being left above water level when the stream falls. He did not think they 
are deliberately constructed out of water. Such conditions also occur in the 
case of Tinodes pallidula McLachlan, and it also seems certain that in Tinodes 
assimilis McLachlan the film of water in which the galleries lie must sometimes 
dry up for a time without necessarily being lethal to the larvae. 

Two males and eight females emerged and were identified by Mr. D. E. 
Kimmins as Tinodes unicolor Pictet. As females of most of this genus cannot 
at present be identified, this collection of adult caddis of this species is retained 
at the British Museum as providing associated females. 

The larval galleries are constructed of sand grains held together by a silk- 
like secretion from the labial glands. Each is open at both ends and the larva, 
which can turn around inside the gallery, may feed from either end. Larvae 
feed on green algae, which they scrape with their mandibles from the surface 
of the stones. 

The sites of the galleries are determined by the direction of stream flow 
only in the sense that they are built in depressions, grooves or behind ridges 
on the surface of the stone or its crust of tufa. Laboratory experiments by 
Mr. A. M. E. Mortimer clearly show that this is so. Controlled currents of 
water were directed over stones on which a layer of fine sand had been placed. 
In time the current removed the sand from all surface areas except depressions 
or areas immediately behind ridges. Larvae then placed on the stone con- 
structed galleries only where sand was present. Such experiments seem to 
confirm that the direction of the current, by determining the sites of local 
accumulations of sand, determines the sites where galleries will be constructed. 
But within the areas sufficiently protected for sand to accumulate, the orienta- 
tion of the galleries was random with respect to the direction of flow. 

The number of galleries on stones with a calcium carbonate crust is much 
higher than on stones similar in every respect but not encrusted. The reason 
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seems to be that the surface of encrusted stones is much more irregular, and 
therefore provides a larger number of suitable niches. The tufa on some 
stones is partly tunnelled, and it is not uncommon to find occupied galleries 
in these tunnels. Larvae are usually absent on the surface of stones in. water- 
falls or on very smooth stones. 

During 1952 I reared another batch of larvae of this species collected from 
a small stream near Cranham Common, Glos.—a limestone region. 


Figs. 1, 2.—Tinodes unicolor Pictet. (1) Head and thoracic segments of larva from above. 
(2) Head of larva from beneath. 
Fig. 3.—Tinodes unicolor Pictet. Adult. 


Larva.—Very like Tinodes pallidula McLachlan and 7’. assimilis McLachlan, but has 
the following characteristic features. About fourteen light-coloured spots on dorsal surface 
of each gena and on ventral surface about nine on each gena (pattern of spots shown in 
figs. 1 and 2). The dark chestnut-brown colour of aboral region of head does not reach 
anterior margin of genae on either dorsal or ventral surfaces. Genal suture on ventral 
surface of head has a longitudinal furrow on each side which, in the centre, extends as far 
a8 the bristle pits (the bristles appear always to be absent). 
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There is a wide variation in the larva of this species not only in the ground- 
colour of the head and pronotum but, in addition, in the patterning of the 
spots and their intensity of differentiation. They can, however, be identified 
quite easily using the characters given above. 


ACKNOWLEDGMENT. 
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SUMMARY. 


The larva of Tinodes unicolor Pictet (Psychomyidae) is described and 
figured. Notes are given on tunnel formation. 
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The third edition of this work has been prepared to incorporate the tre- 
mendous advances which have been made in all aspects of applied entomology 
since the original edition appeared in 1928. Several sections have been 
almost entirely rewritten. The chapter on Internal Anatomy and Physiology 
of Insects incorporates recent discoveries in insect physiology and biochemistry 
and new sections have been added on insect nutrition and insect pigments, 
The tables of plant and animal diseases transmitted by insects have been 
brought up to date with recent discoveries. The chapter on Insect Control 
includes structural formulae and descriptions of the chemical, physical and 
insecticidal properties of more than 150 substances used in the control of 
insects, New sections have been added on activators ; attractants; emulsi- 
fication, wetting, and spreading; insecticide formulation ; mothproofing ; 
repellents to blood-sucking insects; and insecticide-resistant insects. The 
sections on biological and legal control have been expanded. The chapter on 
Apparatus for Applying Insecticides has been completely modernised and new 
illustrations provided of the latest types of equipment. New sections have 
been added on aerosols, air-atomising sprayers, and aircraft dispersal of 
insecticides, 

The last half of the book has been thoroughly modernised to include current 
control practices for all insect pests discussed. Whenever compatible with 
limitations of space, descriptions of important new insect pests have been added. 

The bibliographies at the end of each section have been brought up to date 
and the work concludes with a very detailed index. 


LARVAE OF THE BRITISH TRICHOPTERA.—36. 
By N. E. Hickry, Ph.D., F.R.E.S. 


Phryganea varia Fabricius (Phryganeidae). 


Dorine an unsuccessful search for the larvae of Newronia clathrata Kolenati at 
Chartley Moss, Staffs., in March, 1944, a few Phryganeid larvae were collected 
which ran down in Ulmer’s key to Phryganea varia Fabricius and, indeed, one 


a —————— 
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Fias. 14.—Phryganea varia Fabricius. (1) Larva (in typical aggressive attitude) and case. 
(2) Head from the front. (3) Head from behind. (4) Labrum. 


specimen was reared to the adult stage, emergmg on 7th June, its identity 
being confirmed by the late Mr. Martin Mosely. The pool at Chartley Moss 
is well known as the habitat of Newronia clathrata; it is a sphagnum bog 
with but a few square yards of open water in the centre. The nymphs of the 
rare dragon-fly Leucorrhinia dubia van der Linden were exceedingly common 
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here, several being present in every handful of sphagnum examined. The 
rare caddis Stenophylax alpestris Kolenati also occurs at Chartley Moss. 
Whether the larvae are to be found in the sphagnum bog or in the deep ditches 
which are present here is not known. 

The larva of Phryganea varia is a typical Phryganeid larva and, in general 
form, is similar to that of P. grandis L.., which has been described in this series 
of papers. 


Larva.—16-22 mm. in length, 4 mm. in width, i.e., only two-thirds the size of Phryganea 
grandis and Phryganea striata and the same size as Phryganea obsoleta. It is, however, 
easily distinguished from these other species by the presence of a pair of dark-brown longi- 
tudinal marks on the ventral surface of the genae and the absence of gills on the eighth 
abdominal segment. 

Ulmer gives the size of the case as up to 55 mm. in length and up to 7 mm. wide. My 
specimens were 53 mm. long and 5 mm. wide. They are spirally wound and made of cut 
lengths of sphagnum stalks. 


SUMMARY. 


The larva of Phryganea varia is figured and means for its identification 
given. 
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SOME NEW AND IMPROVED METHODS FOR DEMONSTRATING 
THE COCKROACH. 


By Ewen Cameron, Ph.D., D.Sc. 
(Biology Department, St. Mary’s Hospital Medical School.) 


THE ordinary class dissection of the cockroach, Periplaneta americana, unless 
carried out with more than average skill, often fails to give the elementary 
student a really satisfactory picture of the organisation of this important type 
insect. Obstacles to good work are many, chief amongst them being the hard 
chitinous integument, the delicate heart lying close up against the terga, the 
ubiquitous fat-body, and the small size as compared with the usual vertebrate 
types set for dissection. While the alimentary and nervous systems, with 
the exception of the head ganglia, are usually displayed with a fair degree of 
success, the position and configuration of the remaining organs are not often 
fully visualised or understood. For a clear appreciation of the plan of organisa- 
tion, sections, both transverse and longitudinal, through different regions of 
the body are absolutely essential. Such sections are most illuminating, not 
only for direct study, but also for comparison with corresponding sections 
through the earthworm. A comparison of this kind, emphasising as it does 
the main differences between the Arthropod and Annelid phyla, is of the 
utmost value for a fuller understanding of the two types. Unfortunately, 
sections of the cockroach are not easy to prepare. The hard chitinous integu- 
ment is a serious obstacle to successful cutting, and a chitin softener like dia- 
phanol (diaphanol, 20 ¢.c.; dist. water 13 c.c.; nitric acid, 25 per cent., 1-1-5 
c.c.), for a long time quite unobtainable, is only a partial solution to the problem. 
An infinitely superior method is the use of newly moulted adults, which are 
fairly easily obtained by rearing them in the laboratory (details below). Soon 
after the final moult, when the wings are fully expanded, the pale “ soft- 
skinned ” adult is killed with chloroform and fixed in Duboscq-Brasil (picric 
acid, 1 gm. ; glacial acetic acid, 15 c.c.; formalin 40 per cent. HCHO, 60 c.c. ; 
80 per cent. alcohol, 150 c.c.). This fixative has good penetrating powers, but 
to ensure rapid and complete fixation of the various tissues the fluid should be 
injected with a very fine pipette into the mouth and anus, and a small ventral 
slit should be made in one side of the abdomen. Fixation should be complete 
in from 24-48 hours. The material is now transferred to 90 per cent. alcohol 
(several changes) for 24 hours, and then to absolute alcohol (two changes) for 
a further 24 hours. From this point Peterfi’s celloidin-paraffin method of 
double embedding may be followed, or the specimens can be taken from 95 per 
cent. alcohol into terpineol. In either case they should be left in the methyl 
benzoate-celloidin, or in the terpineol, for several weeks until penetration is 
complete, and then embedded in paraffin in the usual way. With terpineol 
several changes of paraffin are necessary until the characteristic smell of this 
substance has been completely removed. Although methyl benzoate-celloidin 
is superior to terpineol, both methods gave very good results with transverse 
sections, far surpassing material treated with diaphanol. Increasing the 


PROC. R. ENT. SOC. LOND. (A) 28, PTS. 4-6. (JUNE, 1953). 2 


42 Dr. E. Cameron on some new methods 


amount of celloidin above 1 per cent. did not improve the cutting qualities of 
the block, and Murray’s formol-chloral-hydrate-phenol was quite valueless as 
far as cockroach material was concerned. The method described by Sen for 
cutting tick sections, in which he used Sherlock’s fixative with a proprietary 
dehydrant Solvax, gave very indifferent results with Periplaneta. Brunet 
advocates frozen gelatine blocks for preparations of the colleterial glands. 
Low viscosity nitro-cellulose blocks after the method of Leach and Chesterman 
were troublesome to prepare and showed no improvement over celloidin- 
paraffin or terpineol. Longitudinal sections are more difficult to handle, but 
they can be cut from celloidin-paraffin or terpineol-paraffin blocks on a good 
rotary or on a sledge microtome. 

The sections cut at 10-15 may be stained with Mann’s methyl] blue-eosin, 
a pretty but not a sharp stain, or with Ehrlich’s haematoxylin and eosin, 
but the best results were obtained with Weigert’s haematoxylin and Van 
Gieson. Used progressively, the sections, after being taken down to water, 
are stained in Weigert for about two minutes, blued, and counter-stained in 
Van Gieson for about four minutes, very quickly dehydrated, cleared in xylol 
or benzene and mounted in neutral balsam. With this technique the muscles 
(by far the best class material for demonstrating striped muscle), the integu- 
ment of body and wings, the fat-body and nerve fibres all stand out in varying 
shades of yellow, the hypodermis, muscle insertions and nerve cells dark grey, 
the nuclei a very sharp dark-brown to black, and the epineurium a bright pink. 

The most instructive sections were cut through the head to show the structure 
of the compound eyes, the brain and the optic nerves, through the prothorax 
(Plate I, a) to show the prominent pronotum, the heart, dorsal diaphragm, 
tracheae, crop, haemocoele with fat-body, salivary glands and ducts, first 
thoracic ganglion with its sheath and lateral nerves, and the strongly striated 
somatic and visceral muscles. In this section, because of the flexure of the 
head, it is possible to get a very clear picture of the natural arrangement of the 
mouth-parts, the labrum, mandibles, laciniae and galeae of the first maxillae, 
the median hypopharynx or lingua, which is often overlooked, and the com- 
pound labrum, all showing up to advantage. In Plate II, a, which shows a 
transverse section through the mesothorax, the most noteworthy features are 
the tegmina and folded hind wings with their prominent nervures, the crop, 
which in this region has a highly convoluted inner lining, the perivisceral sinus 
containing the fat-body, the double solid nerve cord with its sheath and lateral 
nerves, numerous tracheae, and the solid blocks of leg muscles, etc. 

Plate IH, c, shows a close-up view of the dorsal heart lying in the peri- 
cardial sinus. At this point it is attached by two fibrous strands to a pair of 
invaginations from the integument and by another pair to the diaphragm. 
Below the heart the dorsal diaphragm, which separates the pericardial from 
the perivisceral smus, and the highly convoluted crop, are clearly marked. 

In Plate I, 8, through the anterior part of the abdomen in the region of the 
gizzard, and also in Plate I, s, taken more posteriorly, the pervasive nature 
of the fat-body, which almost completely fills the whole area between tergum 
and sternum, is impressively apparent. Both sections show the wings and 
tegmina in their entirety, also the heart, the five pairs of longitudinal tergal 
muscles and the ventral sternal muscles and parts of the dorso-ventral expiratory 
muscles. In the anterior section (Plate II, 8), through a female cockroach, 
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the dorsally situated ovaries with distinct oocytes, the gizzard with its large 
powerful “ teeth,” strainer arrangement of setae, and strong striated muscula- 
ture, are all clearly delineated. In the posterior section (Plate I, B), through 
a male cockroach, the testicular follicles are very well marked. Other points 
of interest are the convoluted enteric caeca, the numerous Malpighian tubules, 
parts of the intestine, some showing the peritrophic membrane, and in both 
sections the very small longitudinal connectives of the nerve cord. Externally 
the lateral pleural areas of these sections show pockets of rather curious setae. 

The median longitudinal section (Plate I, c) is of the utmost value for a 
general over-all picture of the insect’s anatomy, and from it the student should 
quickly receive a clear impression of the plan of organisation of the Insecta. 
To single out but.a few of the main characteristics, one might mention the 
dorsal tubular chambered heart, the brain and ventral nerve cord with its 
ganglia and connectives, the gut from the mouth to the rectum including the 
crop, salivary glands, gizzard, enteric caeca, intestine and rectum, the Mal- 
pighian tubules and fat-body. The arrangement of the exo-skeleton into 
terga and sterna, etc., and the various apodemes or invaginations of the body- 
wall for muscle attachment are also well shown in this section. Further 
instructive sections have been cut through the reproductive region, but these 
are rather outside the scope of the elementary student, for whom this article 
is primarily intended. 


REARING COCKROACHES. 


Periplaneia americana, as mentioned earlier, can be reared in the laboratory 
with very little trouble. A suitably heated and ventilated breeding cage on 
the lines of that described by Dinnes can be constructed fairly easily, or any 
container which is insect-escape proof and suitably ventilated will serve. The 
cockroaches will live quite happily and breed at ordinary room temperature 
provided they are regularly fed with well-balanced rat cubes and given water 
as necessary. Ifa constant temperature of about 28° C. is maintamed develop- 
ment is speeded up considerably. A deep layer of sawdust should be placed 
on the floor of the breeding cage, and if this is kept damp and the walls of the 
cage sprayed with water from time to time no special watering arrangement 
need be provided. The ootheca are buried in this substratum, and thus they 
are preserved from the predatory attentions of carnivorous adults. At a 
temperature of 28°C. the developmental period, from egg-laying to imago, 
occupies about 6-12 months. 


Mountant for Mouth-paris. 


A new mountant, polyvinyl alcohol, after the formula of Salmon, and used 
by him for various small insects, has been found by the present writer to be 
admirable for cockroach mouth-parts, legs, wings and complete mounts of 
whole nymphs. This mountant is a great improvement on the older method, 
in that it not only eliminates the preliminary treatment with caustic potash 
and the subsequent dehydration and clearing, but it also enables one to see the 
general structure, and details of the mouth-parts in particular, with far greater 
clarity. Normally the material is transferred directly into the medium on a 
slide, preferably inside a cardboard cell previously soaked in the mountant 
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and stuck on to the slide, then warmed on a hot-plate and left overnight, but 
sufficient clearing for ordinary purposes takes place in a few minutes. 


SUMMARY. 


Because of certain difficulties connected with the hard integument, the 
heart, size, etc., the cockroach is best demonstrated to elementary students 
when the dissection is supplemented with sections through various regions of 
the body. A method of cutting such sections, which involves the use of newly- 
moulted adults, Duboscq-Brasil fixative, methyl benzoate-celloidin or terpineol 
paraffin blocks, and staming with Weigert’s haematoxylin and Van Gieson, 
is outlined. Various sections through different regions of the body are figured 
and described. A note on the rearing of Periplaneta americana in the laboratory 
is appended and a new mountant for cockroach mouth-parts is brought to notice. 
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PuLatTE 1. 


A. Periplaneta americana. Transverse section through prothorax to show heart, salivary 
glands and ducts, nerve ganglion, fat-body, coxal muscles, apodemes and tracheae, 
eine, (O< IPA) 

B. Transverse section through abdomen of male to show wings, heart, dorsal tergal muscles, 
testicular follicles, parts of intestine and enteric caeca, Malpighian tubules and wide- 
spread arrangement of fat-body. (x 10.) 


c. Median longitudinal section through adult male to show mouth-parts, brain and sub- 
oesophageal ganglia, oesophagus, salivary gland, heart, nerve cord, crop, gizzard, 
enteric caeca and intestine, fat-body, Malpighian tubules, rectum, mushroom and 
conglobate glands, genital apparatus, wings and tracheae, etc. (x 3-5.) 


PLATE 2. 


A. Periplaneta americana. Transverse section through mesothorax to show the structure 
of the wings, the crop, heart in pericardial sinus, the dorsal diaphragm, thoracic 
nerve ganglion with epineurium and lateral nerve, and the fat-body, etc. (x 10.) 


B. Transverse section through the anterior part of the abdomen in the region of the 
gizzard. Special points of interest are the dorsally situated ovaries, the musculature 
and “ teeth ” of the gizzard, the expiratory muscles, Malpighian tubules, etc. (x 10.) 


c. Transverse section through the heart and pericardial sinus in the thoracic region to show 
position of the heart and its attachments to the paired tergal apodemes and the dia- 
phragm, also the highly convoluted crop. (xX 80.) 
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AN APPARENTLY UNDESCRIBED STRUCTURE 
IN THE DERMAPTERA. 


By V. F. Eastop, M.Sc. 
(Department of Zoology, University of Cambridge.) 


F. Waker (1869), writing of Labia minor (L.), states, “Sometimes, when 
it opens its elytra and prepares to fly, its wings do not readily unfold, and it 
immediately recurves its abdomen and applies its forceps to them, and they 
expand at once as if a spring was loosened.”’ The dorsal surface of the thorax 
of Labia minor has been examined and the following observations are made. 

At the anterior end of the metathorax, on each side of the mid-dorsal 
line, there is a double row of curved and thickened hairs with pointed apices. 
Each double row is placed on an elevated longitudinal ridge and contains 
about forty hairs. The two rows end distally over a heavily pigmented struc- 
ture that makes the exact number of hairs difficult to count. There are no 
other hairs present on the dorsal surface of the metathorax. On the under 
surface of the anterior end of each elytron, near the inner edge, is a thickened 
longitudinal ridge bearing about fifty downwardly pointing, thickened, curved 
hairs with sharp apices. The hairs are similar in shape to the metathoracic 


lefc 
elytron 


metathorax 


Forficula auricularia. a, meso- and anterior part of metathorax. B, elytron. 0, pos- 
terior end of ridge bearing modified hairs from elytron. Dp, anterior end of ©. E 
and F, modified hairs from metathorax. L, articulation of right elytron. 1, meso- 
thoracal tubercle. v, articulation of hind wing. y, ridge bearing modified hairs on 
elytron. 2, ridge bearing modified hairs on metathorax. 
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hairs but are rather shorter. At the anterior end of the ridge these hairs are 
arranged in a closely set double row, but at the posterior end are more spaced 
out and are apparently in a single row. These hairs are the only ones present 
on the ventral surface of the elytra, although the upper surface is covered 
with numerous rather thinner and almost straight hairs. 

The downwardly pointing hairs on the elytra are immediately above the 
dorsal metathoracic hairs when the elytra are closed. The two hind wings 
are so folded as to leave a space between them, through which the elytral and 
metathoracic hairs are in contact. This would seem to be a mechanism for 
holding the elytra in position when the wings are closed. The postero-dorsal 
mesothoracal tubercle (rT) is above the space between the two rows of meta- 
thoracic hairs and below the anterior edge of the elytra in life. The tubercle 
may be concerned in the opening of the elytra. It is thought likely that the 
forceps are only used for expanding the wings when these are entangled in 
the curved metathoracic hairs described above. 

Very similar structures are present on Forficula auricularia L. (see figures), 
but the modified hairs are more numerous both on the metathorax (55 to 70) 
and on the elytra (about 70 to 100). These hairs are set more densely than 
‘in L. minor, there being up to four or five rows at the anterior end of each 
ridge. Rarely a single hair is placed on the ventral surface of the elytron 
about a hair’s length away from the ridge. This thickened ridge may be a 
modified vein, as it usually has a large trachea running by its side. This 
large trachea is sometimes absent, but the other tracheation of the elytron 
is also very variable. Similar structures are also present in Labidura riparia 
(Pallas) but material was not available for dissection and a more detailed study. 

The presence of a very similar structure in three families, Labiduridae, 
Labiidae and Forficulidae, and its absence from Orthoptera and Coleoptera 
(in the material so far examined) suggests that it may be a character of some 
use in phylogenetic studies in Dermaptera. No reference to these structures is 
known, either in the Dermaptera or in any other order. 
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A COMPARISON OF THE FLIGHT MUSCLES OF ACRIDIDAE 
WITH DIFFERENT WING DEVELOPMENT. 


By J. G. Tuomas, Pa.D. 
(Royal Holloway College, University of London.) 


THE flight muscles of the following species of Acrididae have been studied to 
find the differences in musculature, if any, associated with differences in the 
extent to which the wings are developed : 


Omocestus viridulus (L.) in which both sexes are fully winged. 

Chorthippus parallelus (Zett.) in which both sexes are usually brachyp- 
terous, but some macropterous forms occur. 

Podisma pedestris (L.) in which both sexes have very short fore and 
hind wings. ' 

Lamarckiana sp. in which the male is fully winged, but the female is 
wingless. The muscles of this species have already been described 
(Thomas, 1952). 


The thoracic skeleton and musculature of a number of Acrididae have been 
previously examined in some detail, particularly in Dissosteira (Snodgrass, 1929), 
and Schistocerca gregaria (Misra, 1950). Maki (1938) described the thoracic 
musculature of Locusta migratoria manilensis and Atractamorpha ambiqua, but 
only gave very diagrammatic figures. La Greca (1945, 1947) has described the 
modifications in the epipleurites and axillary sclerites, which occur in some 
brachypterous and micropterous forms of Orthoptera, but his account of the 
musculature of any one species is brief. Thomas (1952) compared the flight 
muscles of the winged male with the apterous female of Lamarckiana sp. 

Alcohol of 70 per cent.—90 per cent. was found to be a suitable fixative ; 
material which had been fixed in other ways was transferred to alcohol before 
use. 


Omocestus viridulus (L.) 


Omocestus viridulus will be taken as an example of a typical long-winged 
species, since the fore and hind wings in both sexes are approximately as long 
as the body. The epipleurites and flight muscles resemble closely those of 
Dissostevra. 

The epipleurites are well-developed, and in each of the pterothoracic 
segments two basalares lie in front of the wing process and one subalare behind. 
All these bear ridges, only some of which are concerned with muscle attachment, 
and the two subalares are cup-shaped on their ventral side for the insertion of 
muscles. 

The muscles concerned with flight in acridids fall as usual into two groups— 
the indirect, which by altering the curvature of the tergum cause the up and 
down movement of the wings, and the direct, which act on the epipleurites or 
axillary sclerites. 
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The indirect muscles consist of the following, all of which are paired : 

Dorsal longitudinal muscles (fig. 1, d.l.m.) of the meso- and metathorax, 
which run between the first and second phragmata and the second and third 
phragmata respectively : all three phragmata (1 ph., 2 ph., 3 ph.) are well 
developed. 

Oblique dorsal longitudinal muscle (0.d.m.)—a very small muscle lying outside 
the dorsal longitudinal muscle of the mesothorax: 1t arises from the meta- 
thoracic antecosta (or the second phragma) and passes anteriorly to be inserted 
a short distance along the tergum, the more ventral fibres ending on a ridge, 
the more dorsal extending slightly farther forward ; no similar muscles are . 
present in the metathorax. If the muscle has any effect it would appear to be 
to increase the curvature of the back part of the mesothoracic tergum, but it 1s 
so small that its effect can only be slight. 


Fie. 1.—Diagram of the flight muscles of the right side of the pterothorax of Omocestus 
viridulus ; the dotted region indicates membrane and the undotted oval patches 
within it the epipleurites. .o.t.m., anterior oblique tergo-pleural muscle ; cx., coxa ; 
d.e.m., depressor-extensor muscle ; d.l.m., dorsal longitudinal muscle; d.v.m., dorso- 
ventral tergo-pleural muscle ; e.7., ridge at front of mesothoracic pleuron ; ¢.7.’, ridge 
separating metathoracic pleuron from mesothoracic pleuron; 0.d.m., oblique dorsal 
muscle ; p.a.m., pleuro-alar muscle ; 1 p.e.m., 2 p.e.m., first, second pronator-extensor 
muscle; 1 ph., 2 ph., 3 ph., first, second, third phragma; pl.a., pleural arm (cut 
short) ; pl.r., pleural ridge ; 1 t.s.m., 2 t.s.m., first, second tergo-sternal muscle. 


Tergo-sternal muscles (t.s.m.).—In the mesothorax there are two, arising 
close together in front of the second leg and passing to the tergum. In the 
metathorax only one is present and passes from the sternum in front of the 
third leg to its insertion which is mainly on the posterior side of the second 
phragma. 

Tergo-pleural muscles are usually either not easily seen, or may be absent 
in some specimens, but are occasionally quite clear. There are two pairs in 
each segment : 

An anterior oblique muscle (a.0.t.m.) which arises from the vertical ridge 
(e.r.) at the anterior end of the episternum and runs obliquely posteriorly and 
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dorsally to its insertion on the tergum, passing mesially to the first pronator- 
- extensor (see below). 

A dorso-ventral muscle (d.v.m.), which arises from the same ridge and passes 
nearly vertically to its insertion on the phragma immediately above. 

The dorsal longitudinal muscles on contraction will increase the curvature 
of the tergum and help to produce the downstroke of the wings. The tergo- 
aes muscles will flatten the tergum and produce the upstroke (Snodgrass, 
1929), 

The following direct muscles are present : 

Pronator-extensor muscles of the wings. There are two pairs of these in 
each pterothoracic segment. In the mesothorax the first pronator-extensor 
passes from its origin on the sternum, anterior to the second leg, to its in- 
sertion on the first basalare. In the metathorax the corresponding muscle, 
(1 p.e.m.) which also arises on the sternum, in front of the third leg, is inserted 
on the first, and (almost certainly) the second basalare. The second pronator- 
extensor (2 p.e.m.) 18 mserted on the first basalare inthe mesothorax, but in 
the metathorax on both basalares : these muscles pass to the anterior and outer 
side of the coxa (cx) of the second and third legs respectively. 

Depressor-extensor muscles (d.e.m.) of the wings. There is only one pair of 
these muscles for each wing: that of the fore wing is inserted on the subalare 
of the mesothorax, having its origin on the outer and posterior side of the coxa 
of the second leg, while that of the hind wing has a similar origin and insertion 
in the metathorax. 

Pleuro-alar muscles (p.a.m.): these muscles pass from the pleural ridges 
(pl.r.) of the meso- and metathorax obliquely back and up to the bases of the 
fore and hind wings respectively. In some specimens some of the more ventral 
fibres appear to pass to the lower edge of the tergum instead of to the wing: _ 
these are really tergo-pleural muscles, but they are described here for con- 
venience. 

According to Snodgrass (1929) the pronator-extensors deflect the anterior 
margin of the wing, the depressor-extensors deflect the posterior part, and 
also, because of the connection between the basalares and the second axillary 
sclerites, depress the wings, The wings are folded by the action of the pleuro- 
alar muscles and are probably extended by the contraction of the pronator- 
and depressor-extensors. 


Chorthippus parallelus Zetterstedt. 


Both sexes of Chorthippus parallelus normally have very much reduced 
hind wings: the male has quite well developed fore wings, while the female 
has very short ones. Sometimes, however, macropterous forms of both sexes 
occur, in which both fore and hind wings are well-developed. Several records 
of such individuals exist (see Clark, 1942 ; Collins, 1945a), but these are always 
much less numerous than the normal short winged specimens in the colonies in 
which they are found. : 

During 1943 Collins (1945a) took samples from a meadow of about half 
an acre in Aberystwyth, and found 27 macropterous males and 18 macropterous 
females among 333 normal brachypterous males and 197 brachypterous 
females. The average length of fore wing in the 20 males measured was 12-50 
mm. (with a range from 14:5 mm. to 11-0 mm.) compared with an approximate 
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mean of 9-0 mm. for brachypterous males; the average length of hind wing 
was 11:07 mm. (with a range from 12:5 mm. to 9-0 mm.) compared with an 
approximate mean of 5-0 mm. for brachypterous males. Measurements of 18 
macropterous females were made and the average length of fore wing was 
13-72 mm. (ranging from 15-0 mm. to 12-5 mm.), the approximate mean On, 
normal brachypterous females being 7-5 mm. ; the average length of hind wing 
was 12:44 mm. (ranging from 14-0 mm. to 10-5 mm.) compared with an approx1- 
mate mean of 5:0 mm. for normal females. In addition two females with 
fore and hind wings of intermediate length were found. 

Since 1943 some other macropterous forms have been found. Collins (19456) 
took one macropterous female about 6 miles south of Edinburgh in 1945. 
Dr. Richards and Dr. Waloff have very kindly allowed me to use their unpub- 
lished records of macropterous forms taken at Imperial College Field Station, 
Silwood Park, Berkshire, and these are given in Table I. 


Taste I.—Macropterous Chorthip pus parallelus taken at Silwood Park, 


Berkshure. 
Y Number of Number of Number of Number of 
ae Q examined. macropterous?. examined. macropterous d. 
1947 1900 ’ J 1643 1 
1948 1300 0 1028 0 
1949 981 3 1355 2 
1950 711 4 686 1 
1951 1757 2 65 1 
Total 6649 10 ATT7 5 


' The three macropterous females caught in 1949 were given me for dissection ; 
one of these was found by experiment to be capable of flight, the others were 
not tried. No macropterous males were available for dissection. 

The normal brachypterous forms will be described first. The epipleurites 
are well developed, and resemble those of O. viridulus. The phragmata are, 
however, reduced ; the first and third are absent and the second is relatively 
much smaller than in O. viridulus. 

There are notable differences in the flight muscles of the normal C. parallelus 
and a typical long-winged species such as O. viridulus. In the former the chief 
indirect muscles and one pair of direct muscles for both the fore and hind wings 
are very much reduced. There are slight differences in relative size of the 
muscles of normal males and females. 

Dorsal longitudinal muscles (not figured) of both meso- and metathorax are 
_ only represented by numerous strands of fibres, lying in the normal position 
of these muscles. 

Tergo-sternal muscles (not figured) are also only represented by fine strands, 
which can generally be seen in the usual position of these muscles. The thick- 
ness of the strands varies considerably in different individuals and in a few 
they appear as very thin muscles. In both dorsal longitudinal and tergo- 
sternal muscles they consist of fibres in which the longitudinal striations can 
be seen as in ordinary muscle ; but they do not show the transverse striations 
typical of insect muscles and which can easily be recognized in those which 
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are normally developed. The nuclei appear to be more crowded, but otherwise 
similar to those of normally developed muscles. 

Neither the strands representing the dorsal longitudinal muscles nor the 
tergo-sternals usually appear to be sufficiently well-developed, even if they are 
capable of contraction, to play any part in bringing about alteration in the 
shape of the tergum. 

Oblique dorsal longitudinal muscles (fig. 2, 0.d.m.) ave present as in Omocestus 
and, as in the latter, are small. 

Tergo-pleural muscles (not figured) were only found in two females and all 
were not found in each specimen. 

First pronator-extensor muscles (1 p.e.m.) of fore and hind wings are generally 
entirely missing or represented by fine strands of tissue similar to those repre- 
senting dorsal longitudinal and tergo-sternal muscles, but occasionally appear 
as very small muscles. 


Fic. 2.—Inner view of some of the flight muscles of the right side of Chorihippus parallelus, 
brachypterous female; the dorsal longitudinal and tergo-sternal muscles have been 
removed. Abbreviations as in Fig. 1. 


Second pronator-extensor muscles (2 p.e.m.) and the depressor-eatensor muscles 
(d.e.m.) of both wings are, on the other hand, well developed, but somewhat 
smaller than in O. viridulus, with origins and insertions as in the latter. They 
appear rather better developed in males than in females, particularly in the 
mesothorax ; this might be expected as the fore wings of the female are so 
much smaller than those of the male. There is no very noticeable difference 
in those of the meso- and metathorax of the male, in spite of the marked 
difference in length of fore and hind wings. 

Snodgrass (1929) considers that the second pronator-extensor and depressor- 
extensor muscles are essentially leg muscles which function as abductors of 
the coxa in nymphs, but are used as wing muscles in adults, while he thinks 
that the first pronator-extensor muscle is probably developed for the wings. 
In view of this it is interesting to find that the latter muscle is much reduced in 
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C. parallelus, while the other two remain quite well developed, as has already 
been pointed out for Lamarckiana sp. (Thomas, 1952). 

Pleuro-alar muscles (p.a.m.) are normally developed. Two specimens (the 
same as those in which the tergo-pleural muscles were found) had some of the 
ventral fibres passing to the tergum as in O. viridulus. 

The three macropterous females of Chorthippus parallelus mentioned above 
were examined in order to compare their musculature with that of the normal 
brachypterous females. Two of the individuals had both pairs of wings more 
or less as long as the body, while the third had both pairs considerably shorter 
than the body, but much longer than in normal females. The flight muscles 
of all three were very similar: some of those of the shorter-winged specimen 
appeared rather smaller than in the other two, but as this one was fixed when 
moribund no great reliability can be placed on the observation. 


2ph. 


d.|.m. 


Fig. 3.—Inner view of some of the muscles of the right side of the pterothorax of Chor- 
thippus parallelus, macropterous female ; the ventral longitudinal muscles and some 
of the leg muscles have been removed. d.t., one branch of depressor of trochanter ; 
i.p.c., tergal promotor of coxa; 1 t.r.c., 2 t.r.c., first, second tergal remoter of coxa. 
Other abbreviations as in Fig. 1. 


The main difference between the flight muscles of these macropterous 
females and the normal brachypterous ones was the presence in the former 
of well-developed longitudinal dorsal (fig. 3, d.l.m.), tergo-sternal (t.s.m.), and 
first pronator-extensor muscles (fig. 4, 1 p.e.m.), all of which were much reduced 
or absent in normal ones. The second pronator-extensor and the depressor- 
extensor muscles were also considerably larger than in the brachypterous 
females. All three phragmata (1 ph., 2 ph., 3 ph.) were well developed as in 
O. viridulus. Tergo-pleural muscles were not found, with the exception of 
strands of the pleuro-alar musclés (p.a.m.) which passed to the tergum instead 
of the wing, and in one specimen a small muscle (a.t.m.) running anteriorly 
and dorsally from the pleural ridge to the tergum. 

It was thought to be of interest to examine young stages of Chorthippus 
parallelus to find out if the flight muscles that were so much reduced in the adult 
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were normally developed in nymphal life. It was first necessary to know the 
development of these muscles in long-winged forms, and as it was not possible 
to obtain nymphs of known macropterous Chorthippus parallelus for comparison, 
nymphs of the long-winged species Chorthippus bicolor (Charp.) and Omocestus 
viridulus, belonging to the same family and of approximately the same size, 
were used. All three species have four instars. 

The dorsal longitudinal muscles were examined and the diameters of 
the tergo-sternal, pronator-extensor and depressor-extensor were measured. 
Between seven and twelve specimens of each instar of each species were used, 
but it was not always possible to measure each muscle in every specimen. 
Since the muscles increase in size during an instar and since the exact age of 
each individual was not known, no detailed comparison of muscle size could be 


Fic. 4.—Inner view of some of the flight muscles of the right side of Chorthippus parallelus, 
macropterous female; the dorsal longitudinal and tergo-sternal muscles have been 
removed. a.t.m., muscle from anterior side of pleural ridge to tergum. Other 
abbreviations as in Fig. 1. 


made. Also only the diameter (usually taken about midway down the muscle) 
was measured, and the relation between this and the volume is not likely to 
be constant. 

Certain results, however, seem fairly clear. In the fourth instar of Chor- 
thippus parallelus the dorsal longitudinal, the tergo-sternal and the first pronator- 
extensor muscles, although small, were on the whole rather better developed 
than in the adult, but were very much smaller than in the fourth instar of the 
other two species. In the third instar the tergo-sternal and the first pronator- 
extensor muscles were better developed in the long winged species than in 
C. parallelus, and the dorsal longitudinal muscles seemed rather better developed. 
In the second instar there was not a great deal of difference in the development 
of the dorsal longitudinal muscles in the three species, but the tergo-sternal 
and the first pronator-extensor muscles were still definitely larger in Chorthippus 
bicolor and very probably so in Omocestus viridulus, than in C. parallelus. 
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Podisma pedestris (L.) 


The fore and hind wings of Podisma pedestris are very small in both sexes, 
and considerably smaller than in the normal females of CO. parallelus. The 
epipleurites in P. pedestris differ considerably from those of the species pre- 
viously described, these differences presumably being correlated with the great 
reduction of the wings. The outlines of the sclerites do not always appear 
clear-cut as they do in Omocestus and Chorthippus, and their shape varies 
somewhat in different individuals. This is probably owing to variation in the 
amount of sclerotisation which has occurred in the membrane around them ; 
in one micropterous species (Chrysochraon dispar), the epipleurites are not 
even recognisable, according to La Greca (1945). 

In the mesothorax, the first basalare appears to retain its connection with 
the episternum, the second is attached to the anterior side of the wing process, 
and the subalare is joined to the posterior side of the latter. In the metathorax 
the two basalares are joined to each other ; the first may retain its connection 
with the episternum, the second is joined to the anterior side of the wing process, 
and the subalare to the epimeron and the posterior side of the wing process. 
As in other species the epipleurites show well-developed ridges. The relatively 
greater modification in the metathoracic epipleurites than in the mesothoracic 
is probably due to the greater reduction of the hind wings. 

The flight muscles show little difference from those of normal individuals 
of C. parallelus. The dorsal longitudinal, the tergo-sternal, and the first pronator- 
extensor muscles are only represented by strands of tissue. The second pronator- 
extensors and the depressor-extensors are developed normally in both segments 
of the pterothorax, in spite of the fact that in the metathorax at least the epi- 
pleurites can have little freedom of movement. The pleuro-alars are present, 
but perhaps relatively slightly smaller than in normal C. parallelus and O. 
viridulus. None of the tergo-pleurals found in these two species were found in 
P. pedestris but another, the posterior tergo-pleural, passing anteriorly and 
obliquely to the tergum from its origin on the pleural ridge, is present in the 
mesothorax, and in one specimen was found in the metathorax. 


Lamarckiana sp. 


The females of Lamarckiana sp. (Pamphaginae) from Africa, are completely 
wingless, while the males have well-developed wings. The pterothoracic 
skeleton and flight muscles of the two sexes have been described in detail 
elsewhere (Thomas, 1952). In the female there is no membrane between the 
terga and pleura of the pterothorax, no separate epipleurites and no phragmata. 
The dorsal longitudinal muscles, the tergo-sternal muscles and the first pronator- 
extensor muscles are very much reduced in the female, while the second pro- 


nator-extensor, the depressor-extensor and the pleuro-alar muscles are relatively 
smaller than in the male. 


Discussion. 


Various theories have been put forward to account for the occurrence of 
macropterous forms among normally brachypterous species. These have been 
summarised by Clark (1942). Sansome and La Cour (1935), working on the 
genetics of Chorthippus parallelus, were unable to say if macropterism was 
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genetically controlled, but found that it was associated with slow development. 
It seems fairly generally considered that environmental climatic conditions are 
concerned with its appearance. Some, however, consider that climatic con- 
ditions leading toa long period of development favour the appearance of macrop- 
terous individuals, while others consider the necessary conditions to be those 
leading to a short developmental period. Clark (1942) thinks it probable that 
macropterism is due to a parasitic infection as Ramme (1931) suggests, and 
that certain climatic conditions may increase liability to this. 

La Greca (1945) distinguished two types of brachypterism, one phenotypic, 
which is not hereditary, but due to environmental conditions, and the other 
genotypic, independent of the environment. He includes Chorthippus parallelus 
and Podisma pedestris in the first group and micropterous Pamphaginae in the 
latter group. 

Tt has been shown that those flight muscles that are poorly developed in 
brachypterous adults of Chorthippus parallelus are also poorly developed in the 
third and fourth instars of this species compared with their development in 
two long-winged species of the same family ; and that some at any rate of these 
muscles are probably less well-developed in the second instar of C. parallelus 
than in the other two species. In view of these facts it would appear that the 
factors determining the brachypterous or macropterous condition of the adult 
probably operate before or during the second instar, or at any rate not later 
than the third instar. This would throw some doubt on the theory that 
macropterism is caused by climatic conditions favouring either a long or short 
period of development. 

One might have expected to see some gradation in the reduction of the flight 
muscles in the short-winged forms of C. parallelus and P. pedestris and in the 
apterous females of Lamarckiana sp., correlated with the relative reduction in 
size of the wings. This is not so, however, as the flight muscles which show 
most reduction (i.e., the dorsal longitudinal, the tergo-sternal and the first 
pronator-extensor muscles) are no more reduced in the last-mentioned species 
than the first. In this connection it is of interest to note that the beetle Noterus 
capricornis Herbst has fully-developed wings, but there is either reduction or 
absence of the flight muscles (Jackson, 1950). It has been shown that of the 
direct flight muscles the ones that are very much reduced are those which were 
probably, according to Snodgrass (1929), developed especially for the wings. 
Of the indirect muscles, not only the tergo-sternal muscles, which Snodgrass 
thinks are probably specially developed wing muscles (although they may have 
evolved from small lateral tergo-sternal muscles often present in the abdomen) 
(Snodgrass, 1929), but also the dorsal longitudinal ones are much reduced. 

It may be that those which remain in forms like brachypterous C. parallelus 
would be used for spreading and closing the wings for planing. In female 
Lamarckiana sp., with no wings and no epipleurites, the possible use of the 
second pronator-extensor and the depressor-extensor as abductors of the leg 
has already been mentioned. But in P. pedestris, where the wings are 
apparently too small to be of use in gliding, even if they had sufhcient free- 
dom of movement, it would seem difficult to suggest a use for any direct wing 
muscles, unless some can be used here also as abductors of the coxa, if the 
junction of the epipleurites and pleura is firm enough. a 

Since, as in most insects, the respiratory movements in the Acrididae are 
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chiefly abdominal (Buisson, 1924; Lee, 1925), the reduction of certain ptero- 
thoracic muscles should have no effect on respiration. 
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THE LARVA AND PUPA OF WORMALDIA SUBNIGRA McLACHLAN 
(TRICHOPTERA: PHILOPOTAMIDAE). 


By G. N. Putuirson, B.Sc., Ph.D., F.R.E.S. 
(Department of Zoology, King’s College, Newcastle wpon Tyne.) 


TuE larvae were collected from the swifter reaches of the River Blyth near 
Stannington Bridge, Northumberland, and also from a small tributary, a little 
more than a foot wide, which joins this river in a series of small cascades. They 
were reared successfully to the adult state in the laboratory in stirred aquaria. 

Identification of the adults was kindly confirmed by the late M. E. Mosely 
of the British Museum (Natural History). 


LARVA. 


The size of the larva (fig. 1, 4) is given by Silfvenius (1903) as 6-7 mm. long; the speci- 
mens collected from the R. Blyth were larger than this—about 9 mm. long, some specimens 
12 mm. long being found. 

Head (fig. 1, c) yellow and elongated with anterior margin of clypeus markedly convex. 
Antennae (fig. 1, B) rudimentary, each consisting of a small light area just behind base of 
mandibles bearing two minute spines and three fine hairs. 

Labrum (fig. 1, F), soft white structure. Anterior margin with small median notch. 
On either side of this a dense row of minute spines, their ends turned inwards. Immediately 
behind this row, on under-surface of labrum, a second, less dense row of minute spines, 
and some little distance behind this a row of spines spaced some distance from one another. 
In centre of under-surface a half circle of tooth-like projections apparently formed on 
projecting anterior edge of ante-clypeus. On each side labrum bears a group of longer 
incurved bristles forming lateral brushes. Entire labrum can be withdrawn into buccal 
cavity. Mandibles (fig. 1, @, H) have convex outer surfaces bearing two bristles ; internal 
surfaces grooved. Grooves bordered by a number of teeth; lower edge of each finely 
serrate proximally. Maxillary palp four-segmented and somewhat incurved. Maxillary 
lobe bearing a number of fine bristles on internal edge and a small curved bristle on external 
edge (fig. 1, 3). 

Pronotum (fig. 1, D, £) sclerotised, yellow in colour, with a broad black posterior border. 
A number of bristles along anterior margin and a transverse row across the centre. 

Legs (fig. 2, B) yellow with a few bristles and a number of stronger curved yellow bristles 
on coxae, femora and tibiae. Tarsi with fringe of fine spines, restricted to distal portion 
in tarsi of meso- and meta-thoracic legs. Pro-thoracic tarsus has in addition a number of 
pectinate bristles. Claws (fig. 2, 4) well developed, curved and provided with a small claw- 
like projection on inner side. Between this and the claw is placed a long spine. 

Abdomen, similar to unsclerotised portions of thorax ; white in colour. It is provided 
with a number of fine bristles. No lateral line and tracheal gills absent. Anal appendages 
well developed, the distal segment being sclerotised and terminating in two long bristles 
and a strong curved claw (fig. 1, K). This is simple, and bears four bristles externally. 

Five anal gills, one small anterior, two larger lateral and two small posterior. 


PupPa. 


The pupa is shown in fig. 3, 4. Specimens reared in the laboratory were about 6 mm. 
long and 2 mm. broad. 
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Fic. 1—Larva of Wormaldia subnigra McLachlan. a. Larva, lateral view. B. Antenna 
c. Head. pb. Prothorax, dorsal view. x. Pronotum and lateral sclerites, lateral view. 


F. Labrum, ventral surface. c. Left mandible from above. Hu. Right mandible, 
from above. J. Maxilla and labium. x. Anal claw. 
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Head (fig. 3, B) bearing on each side a pair of bristles dorsally, one bristle median to 
base of antennae, two in front of eye and two near base of labrum, First two segments of 
antennae broader than following segments ; first segment bearing two bristles. 

Labrum semicircular with transverse row of three bristles on each side posterior to 
middle. Of these, central bristle longest, black, other two being short and yellow. Near 
anterior edge of labrum on each side are three short bristles. Mandibles (fig. 3, c) long, 
having three distinct teeth and finely serrate inner edge. Two spines externally, distal 
spine shorter and finer than proximal, Maxillary palps five-segmented, fifth segment being 
longest. Labial palps three-segmented, third as long as first and second together. 

Femora of prothoracic legs with three black bristles at distal extremity, mesothoracic 
femora with two. Tibial spur number 3, 4, 4. First three segments of mesothoracic tarsi 
(fig. 3, D) fringed with black natatory hairs. Pro- and meso-thoracic tarsi terminating in 
a pair of well-developed curved claws; claws of metathoracic tarsi poorly developed. 


Fic. 2.—Larva of Wormaldia subnigra McLachlan. a. 1-2. Terminal portion of tarsus 
and claw of pro- and meso-thoracic legs. 3B. 1-3. Pro- meso- and meta-thoracic 
legs. 


No gills or lateral lines present on abdomen. Pre-segmental plates present on abdominal 
segments IJI-VII, and sometimes, not always, on segment VIII. Post-segmental plates 
present on segment V. Numbers of spines on plates described by Silfvenius agree with 
those found in specimens examined. On plate of third segment 4-7 small hooks, on fourth 
and fifth 4-7 somewhat larger hooks. On plate of sixth segment a single large hook, on 
seventh one large and several small hooks. If hooks present on eighth segment they are 
very small. Post segmental plate of segment five with numerous (about 6-9) forwardly- 
directed hooks. 

Dorsally, on either side, ninth abdominal segment of males (fig. 3 F, G) bears a small 
protuberance each bearing three long bristles. In females (fig. 3, E) these protuberances 
placed laterally ; ventrally two protuberances without bristles. 


DIscussIon. 


In most particulars the larvae and pupae agreed closely with the description 
given by Silfvenius (1903, 1905). There was, however, as already mentioned 
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a considerable discrepancy in size, Size is the main factor given (together 
with head coloration) by Lestage (1921) for the separation of the larvae of the 
genera Philopotamus and Wormaldia, the characteristic of the latter genus 
being given as “ Taille petite (7 mm. au plus) ’—a character which does not 
hold for the specimens collected from the River Blyth. Additional characters 
for the separation of these genera seem desirable. Ulmer (1909) utilises the 
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Fie. 3—Pupa of Wormaldia subnigra McLachlan. a. Pupa, dorsal view. 3B. Head. 
c. Left mandible. pb. 1-8. Pro-, meso- and meta-thoracic tarsi. =. Terminal 
abdominal segments, female, ventral view. ¥F. Terminal abdominal segments, male, 
left side. G. Terminal abdominal segments, male, dorsal view. 


of Wormaldia submigra McLachlan 61 


form of the maxillary palp, a feature cited by Silfvenius as separating the 
larvae of W. subnigra and P. montanus. 

) The presence of the anal gills is not mentioned in the description given by 
Silfvenius, Lestage (p. 465) and Ulmer (1909, p. 277) both give four anal 
gills as characteristic of the family Philopotamidae. In the larvae examined 
five anal gills were present as has been described. 


BrioLoey. 


In the laboratory the larvae were reared in stirred aquaria. At a stirring 
rate of 65 r.p.m., used successfully for rearing the net-spinning Hydropsyche 
instabilis larvae, it was found that W. subnigra larvae would live for days but 
would frequently lose their hold on the substratum and be carried round and 
round the jars in the water stream and in no instance was a retreat spun. On 


increasing the stirring rate to 130 r.p.m. the larvae settled down, spun retreats 
and commenced feeding. 


Fie. 4.—Two silken tubes spun by W. subnigra larvae in a stirred aquarium. The arrow 
indicates the direction of the current. 


The retreats spun were typically in the form of galleries or tubes of loosely 
spun silk open at one end. The open end is attached to the surface of a stone 
or spun between stones, and placed so as to receive the force of the water current. 
Behind this the tube extends backwards, waving freely in the stream. In 
one instance in the aquarium two such tubes were built side by side by larvae 
and were joined along their length (fig. 4). The tubes were about 3-5 cm. 
long and 0-5 cm. in diameter. This type of tube agrees closely with that des- 
cribed by Anker Nielsen (quoted in Wesenburg-Lund, 1943) for W. occeprtalis. 
The larvae occupy the tubes and move about freely within them. 

Feeding was observed under a binocular microscope. The larva, with 
labrum extended, moves the head downward in a series of short strokes, a 
sweeping movement that leaves a broad clean-swept path on the inner surface 
of the silken tube. On completing this downward movement a rapid upward 
and lateral movement is made and the downward movement is then repeated. 
By repetition of this series of movements a methodical sweeping of the tube 
is carried out. Thus the tubes form a type of snare or net used in food collection, 

The contents of the alimentary canals of ten freshly collected specimens 
were examined and in all cases were found to consist of extremely fine particles 
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of organic matter and diatoms. In one instance, although the gut was well 
filled, very few diatoms were found among the contents. Lestage states that 
the food of the larvae is not well known and reports that Silfvenius considered 
them detritus feeders. 

When about to pupate the larvae abandon the silken tubes and construct 
pupal shelters. These are built of small stones and grains of sand held to- 
gether loosely by means of silk, openings being left between the stones which 
may be crossed by silken threads. Within the shelter a fine silken cocoon is 
spun. This is of very loose open texture ; no special openings were detected. 

In those cases in which eclosion was observed it was very rapid and occurred 
immediately the pupa climbed out of the water. After emerging the adults 
remain for a period of about one minute with the wings and third pair of legs 
held vertically over the body. 
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Methods and Princvples of Systematic Zoology. By Ernst Mayr, E. Gorton 
LinsLEy AND RoBert L. Ustncer. 8vo. New York and London (McGraw- 
Hill Book Company, Inc.), 1953. Pp. vu + 328, text illust. Price 51s. 


This volume is intended to make a concise presentation of the principles 
and methods of zoological classification, both in its purely practical aspects 
and in relation to evolutionary studies. The work is divided into three parts. 
The first deals with the historical development of taxonomic concepts with a 
consideration of the species and infraspecific categories. The second treats 
taxonomic procedure, including collecting and: collections, identification and 
taxonomic discrimination, taxonomic characters, quantitive methods, presenta- 
tion of findings, and the preparation of taxonomic papers. The final section 
discusses nomenclature under the following headings: historical and philoso- 
phical basis ; the principle of priority ; the type method ; specific and infra- 
specific names; generic names; family names; names of orders, classes, 
phyla ; and ethics. 

A summary of recent decisions is included and the final chapters explain 
the object of naming, the type method and its significance, and the meaning 
of category names. 

There is a comprehensive bibliography arranged by subjects and a new 
glossary of scientific names used in entomology. 
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MIGRATION OF BUTTERFLIES IN ARGENTINA DURING THE 
SPRING AND SUMMER OF 1951-52. 


By Kennetu J. Haywarp, Hon.D.Sc., F.R.ES., ER.GS., E:Z:8. 


(Institute of Entomology, University of Tucumdn.) 


Amonest those parts of the world where seasonal migration of certain butter- 
flies takes place, we must include the northern area of Argentina. Although 
several species are here from time to time involved, two are outstanding in 
this respect, namely Ascia monuste (L.) and Libytheana carinenta (Cr.). 

Scarcely a season passes when these two do not migrate, but in the lean 
years when their numbers are reduced and the individuals scattered their 
movements may pass unnoticed. Of the two species, the flights of monuste 
are the more often recorded, since this white butterfly shows up more strikingly 
against a dark background than the brown carinenta, and as this latter flies 
close to the ground it is not so likely to be seen against the sky. 

During the present century there appear to have been three great migrations 
of monuste of such a nature as to have caused general interest and comment. 
I have no personal knowledge of the first of these, which took place about 
1909 or 1910, nor can I find any written reference to it, but an eye-witness, Dr. 
A. Castellanos, has informed me that for a few days the streets of Cordoba 
were full of ‘‘ white butterflies ’’ moving south. 

The next notable migratory movement that I can trace took place twenty 
years Jater in north-west Argentina, during December and the first four days 
of January, 1930-31 (Hayward, 1931; Schreiter, 1943), but the fact that a 
large swarm of this species was encountered at sea off the Uruguayan coast 
flying due east in November, 1923 (Hayward, 1925), seems to point to a large- 
scale migration that year. 

Now after a lapse of yet another twenty years a third outstanding migration 
has taken place, of such unprecedented magnitude that only by a day-to-day 
record can anything like a clear picture of this movement be obtained. 

Though I was not able to devote the whole of my time to the study of this 
migratory movement, I was able to make periodical observations each day, 
and I have obtained much information from other sources which has been 
incorporated at the end of this paper. I would like to take this opportunity 
of thanking all those who contributed notes and whose names appear in the 
corresponding paragraphs. ; 

My personal observations were made in and around the city of Tucuman, 
commencing on 27th November, 1951, on which date the first swarms of monuste 
began to arrive, and continuing till 2nd February, when I left the locality for 
the Calchaqui valleys. For the convenience of readers I have indicated the 
compass bearing and distance in miles from Tucuméan of all other localities 
mentioned. ny s 

A most careful analysis of meteorological conditions prevailing during the 
migration has shown that wind, rain, and sunshine or cloud alone had any 
direct bearing on the flights, and for the sake of brevity only these factors 
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have been mentioned. Unless otherwise stated, the days were fine and sunny. 
Sun time has been employed throughout, and wind velocity, when known, 
is indicated by the corresponding figure of the Beaufort scale placed in brackets 
after the direction. 

Since the general behaviour of the migrating monuste did not differ 
materially from day to day, space and repetition will be saved if a description 
of this be given at the start. On fine mornings the overnight ground popula- 
tion began to move with the first sign of daylight, seeking out and feeding 
from available flowers, and males and even occasionally females could be seen 
shortly afterwards drinking at puddles. The Ligustrum bushes Imning certain 
streets and in flower at the beginning of the migration were special favourites, 
and on one occasion I saw a number of monuste fluttering against the plate 
glass of a shop window where flowers were on display. Although the butterflies 
sometimes commenced their migratory flight directly from the flowers on which 
they were feeding, it was more usual for them to circle and drift upwards till 
they had attained certain height and there assemble before moving off. So 
strong was the migratory urge that on more than one occasion this preliminary 
manoeuvre was carried out on mornings when rain was falling, before the 
monuste with apparent reluctance decided to postpone their departure. Butter- 
flies interrupting their flight to come down to feed remained no more than 
half an hour before resuming the journey, but when they came down after 
about 2 p.m. they usually remained till the following day. The insects fed 
avidly both before taking off in the mornings and when they came down from 
a flight, sometimes continuing to do so till after dark. Little time was wasted 
in courtship or play except on those days when no migratory movement was 
taking place. They were harassed continually by sparrows, which, although 
not very skilful, captured a great many, rubbing their victims on the ground or 
against some hard object to remove the wings. The benteveo flycatcher 
(Pitangus sulphuratus bolivianus) also took toll, as did certain other insectiv- 
vorous birds. 

The normal food plants of the larvae of monuste are various species of 
Capparidaceae, of which Capparis Tweediana, C. speciosa, C. cynophallophora, 
Atamasquea emarginata and Cleome aculeata have so far been identified, all 
common plants of the xerophilous forests of Bolivia and of Argentina as far 
south as the province of Mendoza, but they also damaged small plants of Cruci- 
ferae. The larvae of Libytheana carinenta feed on the numerous species of 
Celtis (Ulmaceae), which are found well distributed over the area mentioned. 

The day-by-day record of my observations is as follows : 

Nov. 27th, 1951.—Wind 8.W. (2). During the morning I noticed a consider- 
able number of the form automate (Burm.) of Ascia monuste (which I refer to 
throughout as monuste), crossing the Institute gardens. At noon about 30 
individuals per minute were crossing a 100-yard front flying due South. The 
majority were taking advantage of the north-south streets but a number were 
steeplechasing over and around the buildings. Their flight was wavering and 
languid as though they were tired but they deviated from their course only 
from necessity. They were flying from a few feet above the ground to a height 
of about 18 ft. Two Phoebis sennae marcellina (Cr.) were also noted flying in 
the same direction and apparently on migration. At 3 p.m. the number of 
monuste had increased, but their flight was not so resolute and they were in 
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places coming down to feed. About 5.30 they commenced to seek shelter for 
the night, crowding together on grasses and low bushes and even after darkness 
had fallen some were still so engaged. About midnight I saw many fluttering 
round the neon lights. 

Nov. 28th.—Wind N.W. (1). The first insects were observed in movement 
at 6.30. Migration was resumed about 9 a.m., the butterflies moving 8.8.E. 
but veering shortly afterwards to E. By 11 a.m. the number passing over the 
Institute gardens was calculated at more than 100 per minute on a 100-yard 
front and little change was observed till 1 p.m., after which the movement 
gradually diminished, till by 2 p.m. it had ceased and the few stragglers re- 
mained to feed. They were flying from housetop level up to at least 250 ft. 
It should be mentioned that nine miles to the west of Tucumdén there is a 
range of hills some 4000 ft. high covered with subtropical forest and separated 
by a deep valley from yet another range that rises to over 14,000 ft. As no 
monuste were seen this day by two entomologists working along the eastern 
slopes of the nearer range some few miles to the north of Tucumdn, the passing 
butterflies must at least have crossed the 4,000-foot range. Future observa- 
tions confirmed the fact that mountain ranges even considerably higher were 
no obstacle to the flight of monuste. 

On this date I received a visit from Dr. A. A. Ogloblin, of the Ministry of 
Agriculture’s Locust Investigation Institute, who had arrived in Tucumaén 
from the Bolivian border near Yacuiba (375 miles N.N.E. of Tucuman) in a 
travelling laboratory, and he informed me that from the time they had left the 
frontier on the 25th till Tucumdn was reached they had seen white butterflies 
migrating, and had calculated that at times more than 200 per minute were 
crossing a 100-yard front and that these swarms from time to time came down 
to feed, afterwards resuming their flight. They were flying from about 3 ft. 
above the ground up to 16 or 17 ft., but as the sun increased in strength the 
swarm gradually rose till the butterflies could only be seen as tiny specks, 
perhaps at 300 ft. They passed in waves rather than as a continual steady 
stream. White butterflies were also observed by Dr. A. Castellanos at Mendieta 
(N., 215 miles) in Jujuy on this date, passing overhead “like a swarm of 
locusts.” 

Nov. 29th—Wind N.W. (strong). The monuste left their feeding and 
began to rise and fly S.S.E. at 9 a.m. and were shortly afterwards reinforced by 
others from the north. They flew very high in about the same numbers as on 
the 28th, the movement ceasing at 2.30 p.m., when those passing came down to 
feed. Males and females were present in about equal numbers. 

Nov. 30th.—Wind S.8.W. (2). The few insects on the ground rose about 
9 a.m. after feeding and headed HE. to N.N.H. At this time others coming in 
from the west commenced to pass over Tucuman flying very high. The 
flight continued till nearly 3 p.m., when the sky clouded, the ight became poor 
anda heavy electric storm passed from W. to E. some eight miles N. of Tucuman, 
though only a few drops of rain fell in the city. The monuste sought shelter, 
but with the passing of the storm began to feed. There was a further similar 
storm in the evening and the air freshened. 

Dec. 1st.—Wind W. (4). More monuste were observed feeding earlier than 
on any previous morning, especially on the Ligustrum and on flowering Adenaris 

floribunda (Lithraceae). At 9 a.m. the sky became overcast with clouds down 
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to 3,000 ft., closing in to 1,000 ft. at noon, when for about half an hour it 
spitted with rain. The sky cleared at 3 p.m. but there was no movement of 
monuste, the insects resting and feeding. 

Dec. 2nd.—Wind N.E. (3). I took the opportunity offered by a Sunday to 
visit the Park and rough ground to the east of the city. The migration was 
already in full swing at 9.30, the butterflies heading 8., though many were still 
feeding. When I cleared the city boundary the sight was amazing; the 
rough grassland seemed to be carpeted with white as the butterflies vied with 
one another for each flowerhead. In the Park the flowering bushes were 
surrounded by countless fluttering wings. 

Against a dark background of trees I made a rough calculation that showed 
more than 400 specimens passing per minute on a 100-yard front between 
ground level and some 20 ft., above which height in slowly diminishing numbers 
butterflies could be seen passing as high as the eye could reach. The proportion 
of the sexes amongst the feeding monuste was equal. Some were quite fresh, 
others in tatters. Many showed signs of attacks by birds and the females did 
not appear to have mated. 

At 10.30 it clouded over completely but the flight continued, though with 
less intensity. At 12.30 butterflies could be seen circling and drifting as 
black specks against the white clouds. Hundreds were observed on the leaves 
of some citrus plants, no doubt attracted by honeydew. The migration contin- 
ued till past 6.30 p.m. I went again to the Park in the evening when the butter- 
flies were feeding avidly and many patches of males were seen assembled on 
damp soil. Feeding continued till after dark and a few couples were courting. 
A scissor or forktailed flycatcher (Muscivora tyrannus) was hawking them 
amongst the trees and was also seen to capture a dragonfly. Sparrows and 
benteveos were everywhere busy and the ground was in places strewn with 
broken wings. 

Dec. 3rd.—Wind W.8.W.(1). The migratory flight, now due S., commenced 
soon after 7 a.m., and by 9 a.m. the insects had attained great height. When I 
went out into the gardens at 11.30 the air was filled with butterflies as though 
it were snowing, some descending to feed, others rising to continue their journey, 
now due north. The quantity of butterflies was so great that no count was 
possible, even over the shortest of bases. The migrating insects were flying 
from about 20 ft. (those rising) till they were lost against the sky. Millions 
were moving swiftly northwards. Later in the day I ascertained from airline 
pilots that this great mass of insects only began to lessen at around 3,000 ft., 
and that individual specimens were observed up to 5,000 ft. or even higher. At 
1 p.m. the flight had veered a little E. of N. and the butterflies continued flying 
till early evening. For the first time a few Libytheana carinenta were seen 
accompanying the monuste but flying low. Practically no monuste remained 
that evening on the ground round Tucuman. 

Dec. 4th.—Wind W. (4), veering in early afternoon to 8. As early as 6.30 
a.m. a thin stream of monuste was observed flying north at an altitude 
calculated as more than 300 ft. At noon the flight still continued but the 
numbers engaged were diminishing, no specimens being seen near the ground. 
These conditions were maintained till after 5 p.m. when the flight tailed off, 
though a few specimens were seen flying at a great height, aided by a tail wind, 
till after six. 
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Dec. 5th.—W ind E.S.E. (1). A dull grey morning with solid overcast at 
3000 ft. Not a single monuste was seen during my mile walk to the Institute. 
A few specimens were observed in the gardens at midday when the sky cleared. 

Dec. 6th.—Wind 8.8.W. (2). White butterflies began to make their appear- 
ance in the gardens shortly after 10 a.m. and observation showed that they 
were now passing overhead flying N.E. at a very great height in a thin but 
constant stream, Later in the morning they changed their direction to nearly 
due EH. and began to pass in waves rather than in a steady stream. The move- 
ment ceased a little after 2 p.m. 

Dec. Tth.—Wind 8.8.W. (1). At 7 a.m. the very small ground population 
began to cease feeding and resume their flight. They would suddenly leave 
the flowers and without any preliminary manoeuvring fly a direct course east, 
gradually rising till they were above the housetops. At about 8 a.m. a very 
high-flying swarm commenced to pass, certainly at not less than 300 ft., also 
flymg east. At 9.15 I was surprised to see that the whites were flying in two 
directions, one swarm from ground level up to about 100 ft. proceeding E. 
whilst the high-flying swarm already mentioned had turned due N. An hour 
later both swarms were flying N. and were beginning to thin and by noon had 
become reduced to a few stragglers. Specimens of carinenta flying low appeared 
late in the morning going north. At 6.15 p.m. a small flight of monuste came 
in from the south and settled. 

Dec. 8th—Wind 8.E. At 7.30 a few monuste were observed flying E. at 
about 20-25 ft., probably those that had settled the evening before. Half an 
hour later a thin swarm began to pass overhead at about 300 ft., headed N., 
but all had passed on by 9 o’clock. At noon a further swarm began to pass 
towards the north and the ground population became dense as individuals 
floated down to feed. By 2 p.m. the temporary ground population had moved 
on and no further movement was noted. 

Dec. 9th—Calm. The morning broke overcast with a low ceiling and light 
rain. Nevertheless a few monuste as though urged on by the desire to migrate 
were flying about, ignoring the rain and often rising to a considerable height 
before again coming down to seek shelter. Bright intervals occurred later in 
the day but the monuste remained on the ground. 

Dec 10th.—Wind N. (2). A southerly flight commenced at 7 a.m. and by 
8 a.m. had assumed considerable proportions, the insects passing in waves until 
midday. At 3 p.m. the butterflies were returning, now flying due N. and at a 

great height, continuing to do so till evening. 

Dec. 11th—Wind S. (1). Although the day was bright, the sky was 
partially overcast with heavy rainclouds and in the afternoon there were local 
storms. No migratory movement was observed. 

Dec. 12th.—Wind N.N.W. (4). At 10.30 a.m. a small swarm passed over 
flying EK. and very high, disappearing in half an hour. Rain was falling on the 
western mountains. 

Dec. 13th.—Wind N.N.E. (2). The first monuste passed high up at 8.15, 
flying S., continuing till the late afternoon. They were flying languidly and 
there were never many in sight at any given moment. A few carinenta were 
observed flying near the ground. ae 

Dec. 14th.—Wind 8.W. (4). The monuste were observed drifting with the 
wind at 200-300 ft. from about 10 a.m. till early afternoon. A few carinenta 
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were on the move, flying low. There had been a slight thunderstorm between 
8-9 a.m., and another took place after 3 p.m. 

Dec. 15th.—Wind S.W. (4). Local rain till 9 a.m., after which the day 
remained overcast and no migration was noted. 

Dec. 16th.—Calm. Intermittent light showers till 10 a.m., after which the 
day cleared. At 11 a.m. a few monuste were to be seen high up against the 
blue sky, some flying rapidly, others merely drifting, all going north. 

Dec. 17th—Calm, later E. (2). From 9 a.m. till late afternoon a continual 
stream of monuste passed overhead flymg E. between ground and housetop 
level. A few Eurema deva (Dbl.) accompanied the flight. 

Dec. 18th._—Wind E. (2). From 9 a.m. till 2 p.m. great numbers of monuste, 
estimated at over 300 per minute on a 100-yard front, passed going due HE. and 
flying from ground level up to about 20 ft. The swarm was composed almost 
entirely of males. Some carinenta were observed, travelling at the same 
speed as the monuste, but the very few deva that joimed the flight were out- 
flown by two yards in every three. 

Dec. 19th.—Wind 8.W. (3). A few monuste seen going E. near the ground 
for about an hour from 10 a.m. and again at noon, these latter accompanied by 
a few deva. 

Dec. 20th—Wind W. (1). Overcast after a wet night. Four monuste 
were seen feeding. 

Dec. 21st—Wind N.N.E. (2). At 11 a.m. monuste was flying S. in small 
numbers at over 300 ft. 

Dec. 22nd.—Calm. No monuste were observed till 3 p.m., when a few were 
seen drifting W. at about 300 ft. or even higher. 

Dec. 23rd—Wind E.S.E. (2). The ground population began to rise at 
8 a.m. till they reached a height of about 300 ft. About 8.30 a swarm of 
monuste appeared at this same height, drifting slowly over Tucuman in a 
westerly to south-westerly direction. About 11 a.m. many thousands came 
down to feed, so that it appeared to be snowing. On rising again these butter- 
flies went away to the south, accompanied at low level by a fair number of 
carimenta. An hour later the ground population had disappeared and only 
swarms passing at great height were to be seen. By 1.30 all had passed. 
Torrential rain fell between 2.30 and 3.30, after which it cleared and a few 
monuste were to be seen at 4.30 drifting down from the sky, and half an hour 
later they were coming in from the north before an approaching storm in 
millions, settling to feed. Examination showed that not more than 5 per cent. 
were females, both sexes being worn. 

Dec, 24th.—Wind 8. (3). The morning broke grey and damp with a low 
ceiling. At 8 a.m. monuste were beginning to soar to 80-100 ft. and move off 
towards the west. Rain set in for the day at 10 a.m. 

Dec, 25th.—Wind 8. (3). Overcast early. The monuste commenced to fly 
S. at a low, altitude at about 10.30, but at 12.30, the wind having died away, 
they rose to a greater height. At 4 p.m. a dense swarm came in from the S. 
flying low and settling. There must have been many millions. They ceased 
to arrive at six. 35 per cent. of the newcomers were females. 

Dec. 26th—Wind E.S8.E. (2). The monuste were present in millions. They 
began to move at 8.30, the migrants being mostly males, the proportion of 
females to males remaining on the ground rose to 70-75 per cent. At 9.15 


butterflies in Argentina 69 


they were flying at 150 ft., but by 10.30, when the existing overcast had been 
replaced by sunshine, they had reversed their direction, and from ground level 
up to 150 ft. the air was filled with white butterflies moving due W., the migra- 
tion continuing till 3 p.m. Thousands of dead remained on the ground, 90 per 
cent. of which were males, many in fresh condition. The females examined 
had not yet commenced to lay. 

Dec. 27th—Wind N. (light). The first monuste passed overhead flying S. 
at 150 ft. at 7.15, the flight lasting an hour. Stragglers continued to pass 
throughout the morning. At 5 p.m. a thin flight came over from the north, 
continuing till it was too dark to see them. All early stages were observed on 
Capparidaceae. 

Dec. 28th.—Wind N.N.W. (1). At 6 a.m. monuste was already flying 8. at 
150 ft. with some.carinenta near the ground. The flight lasted till 10 a.m. 

Dec. 29th.—Wind N. (1). A very small flight of monuste passed S. between 
8-9 a.m. at 150 ft. After this hour it became overcast. 

Dec. 30th.—Wind W. (light). Cloudy and showery till 11 a.m., after which 
it cleared and monuste began to pass in small numbers at 150-200 ft., flying 
east. At 4.45 p.m. they were still passing, the direction having changed to 
N.E. at 70-150 ft., moving ahead of an impending rainstorm. When overtaken 
by rain the majority of the butterflies continued their flight. 

Dec, 31st.—Wind 8. (1). From 9.30 till after 5 p.m. monuste were flying 
with the wind in small numbers at about 300 ft. upwards. From this date 
onwards carinenta began to appear in increasing numbers. 

Jan. ist, 1952.—Wind N. (2). At 10.30 monuste began to pass in consider- 
able numbers, flying close to the ground towards the east, continuing till 12.30. 
About 3 p.m. others were observed at 300 ft. going S., and between 6.45 and 
dark small groups passed going E. at housetop level. 

Jan. 2nd.—Wind W. (1), veering to N. at midday. At 7 a.m. a swarm of 
monuste were seen going 8. at 30 ft. Direction changed to KE. (probably a 
fresh swarm) an hour later and the height to 300 ft., this latter flight continuing 
till 2 p.m. 

Jan. 3rd.—Wind N. (1). Already at 6 a.m. monuste at 200-300 ft. were 
flying south. At 7 a.m. enormous numbers came down to feed. At 9 a.m. 
countless millions filled the air up to 200 ft., the flight ending a little before 11. 

Jan. 4th—Wind S.W. (2). At 9 a.m. a small swarm was seen going N.E. 
No other movement observed. A considerable ground population of carinenta 
suddenly appeared. 

Jan. 5th—Wind §. (2). A swarm of monuste flying N.K. and very high 
passed between 9-11 a.m., and at 3 p.m. another flying east, just above the 
ground. 

Jan. 6th.—Overcast, no migratory movement observed. ; 

Jan. 7th—Wind 8S. (2), veering to E. in mid-afternoon. From a little 
before 10 a.m. monuste commenced to pass, flying E., close to the ground, 
settling to feed at 11 and rising to 150 ft. half an hour later, and after drifting 
for some time, moving N.E. From 1] a.m. till 1 p.m. a large swarm of carinenta 
flew due E., near the ground. At 4 p.m. monuste flew high overhead towards 
the N.E. Half an hour later many thousands appeared flying S.W. at low 
altitude and just after 5 p.m. yet another swarm passed going due E. at 200- 
300 ft., continuing to do so till darkness set in. 
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Jan. 8th.—Calm. The monuste were on the move before 6 a.m., rising to 
100 ft. and flying 8.W., the flight terminating by 7.30. At 2.30 p.m. a further 
swarm flying at 250-300 ft. passed in the same direction. At the same time 
many carinenta were flying a similar route close to the ground, and a few 
Precis lavinia (Cr.) were also seen. 

Jan. 9th.—Wind W. (1), later calm. Migration was already under way at 
5.30 a.m., monuste flying S. at 200-300 ft. At 6.15 the direction was reversed. 
At 6.45 a compact swarm was seen flying HE. below 50 ft., accompanied by 
carinenta near the ground and a few lavinia and Agraulis vanillae (L.). Above 
this latter swarm monuste were drifting here and there at 150 ft., whilst still 
higher they were flying north. Around 8 a.m. chaos reigned; butterflies were 
coming and going in all directions (probably several separate swarms bemg 
concerned), but at 9 a.m. monuste were mainly flying 8. at 150 ft. 

Jan. 10th.—Wind W. (1). From 6.15 to 7.15 a.m. monuste were flying KH. at 
150-200 ft. in considerable numbers, accompanied near the ground by carinenta. 

Jan 11th—Calm. Night rain continued till noon, when it cleared. At 
3 p.m. monuste began to drift overhead at a great height towards the N.E. 

Jan. 12th—Wind §. (2), calm at noon. Overcast after night rain. A few 
monuste observed flying N. near the ground at 9 a.m., the movement lasting 
till ll.a.m. At 12 noon monuste were flying S. at 150-200 ft. From 3 p.m. 
the flight direction changed to a little E. of N., height 150 ft., the wind being 
again S. (2). 

Jan. 13th.—Wind 8. (2). At 9 a.m. monuste began to fly N. at 150-200 ft., 
accompanied by a few lavinia at a lower altitude, the movement ceasing at 
11 a.m. 

Jan. 14th—Heavily overcast. No migration observed. 

Jan. 15th.—Wind 8.W. (1). Overcast durmg the morning. The monuste 
were flying near the ground in a northerly direction. When the afternoon 
cleared they rose to 200 ft. A number of lavinia and vanillae were observed. 

Jan. 16th.—Calm, later a 8. (2) wind. The monuste commenced to move at 
6.30 a.m., rising to 150-200 ft, and flymg south. When the wind got up they 
changed direction to due north. The migration ceased at 1 p.m., when it 
clouded over. 

Jan. \Tth.—Wind S. (1). Overcast till noon after rain. From 12 noon till 
after 4 p.m. monuste were flying N.E. at 50-100 ft., rising to 300 ft. when the 
wind freshened. 

Jan. 18th.—Wind 8.W. (2). Rain till 9 a.m., the overcast clearing at noon, 
when monuste began to fly N.E. at a great height for about an hour. 

Jan. 19th.—Wind W. (1). Overcast and no migration observed. 

Jan. 20th.—Wind N. (2). Libytheana carinenta were flying W. very close 
to the ground from early morning till 11 a.m. and at first a few monuste at a 
height of about 50 ft. At noon a swarm of monuste (200 per minute on a 100- 
yard front between ground level and 25 ft.) passed flying S.E., the swarm 
extending up to 100 ft., and being accompanied by many lavinia and close to 
the ground by carinenta and a small number of extraneous butterflies, amongst 
which I saw H. deva, Phyciodes pedrona Moult., Phyc. teletusa signata Hall, 
A. vanillae and the species Lycorea cleobaea (Latr.) not previously recorded 
for Tucuman. In the evening the ground population of carinenta had risen to 
many thousands. At.6.15 p.m. the air being calm, a thin flight of monuste 
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mixed with more or less equal numbers of carinenta and lavinia passed N.E. at 
housetop level. 

Jan. 21st.—Heavily overcast after night rain. No movement. 

Jan. 22nd.—Wind W. (1). From 11 a.m. till 1 p.m. a few monuste and 
many carinenta were flying close to the ground in a southerly direction. 

Jan. 23rd.—Wind §.8.E. (2). During the later hours of the morning and 
the early afternoon carinenta with a few monuste and occasional lavinia flew S. 
between the ground and a height of 15 ft. 

Jan. 24th.—Wind W. (1). From 10 till 11 a.m. a few monuste passed E. at 
150 ft., perhaps a dozen per minute. 

Jan. 25th—Wind N. (1). At 10.30 a small compact swarm of monuste 
passed flying E. at 30-50 ft. ; 

Jan. 26th—Wind E. (1), All the morning a few monuste and carinenta 
flew S. at between 6-20 ft. 

Jan. 27th.—Wind N. (3), veering to N.W.(2) at noon and late in the after- 
noon to 8. (1). Throughout the morning and afternoon carinenta were flying 
EK. very close to the ground, accompanied at a slightly greater height by many 
lavima and a few monuste and occasional other butterflies (Tatochila sp., 
Phoebis sp. and A. vanillae). 

Jan. 28th—Wind E. (2). All the morning carinenta and monuste were 
passing to the east in small numbers below housetop level. 

Jan. 29th No movement observed. 

Jan. 30th.—Heavily overcast and occasional rain. No migration observed. 

Jan. 31st—A few carinenta and still fewer monuste were seen flying E., 
never exceeding 10 per minute on a 100-yard front, from ground level up to 
20 ft. 

Feb. 1st.—No migration observed. 

Feb. 2nd.—I encountered a considerable swarm of monuste in fresh condition 
flying N. between Amaicha del Valle and Santa Maria (55 miles W. of Tucuman) 
to the south of the Calchaqui valleys at about 6000 ft. They were close to 
the ground, and when seen again two hours later (5 p.m.) they were settling 
for the night. 

Feb. 21st.—A very small swarm of monuste passed over Cafayate (5400 ft., 
N.W. 80 miles from Tucuman) at the head of the Calchaqui valleys at 12.30 p.m., 
going 8. at housetop level. 

April 1st to 4th—During the warmer hours of the day there was a continual 
drift of many species of butterflies crossing Tucuman at a height of between 
5-15 ft., proceeding towards the east. The number of individuals was small, 
but the flight constant and decided. The air was calm or with slight southerly 
breezes. Precis lavinia, Agraulis vanillae, Eurema deva, Tatochila sp., Phyciodes 
pedrona and teletusa signata, Libytheana carinenta and one or two species of 
Phoebis were noted. 


ADDITIONAL OBSERVATIONS. 


The migratory flights of monuste and carinenta were observed at many 
points in Bolivia and Argentina, and the following is a condensation of informa- 
tion received from various sources. 

Bourvia.—Mr. Rodolfo Zischa of Cochabamba encountered enormous 
numbers of freshly emerged monusie on Oct. 24th in the neighbourhood of 
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Trinidad in the Dept. of Beni about 530 miles north of the Argentine border 
and 910 miles due north of Tucuman. Many chrysalids were observed and 
the butterflies were pairing, but no females were seen ovipositing. On Oct. 
98th they commenced moving due south, flying by day and might, more than 
300 specimens being taken at light on a moonless night. When they reached 
the Chaparé region, some 60 miles S. of Trinidad, the butterflies turned slightly 
S.W. to follow the river Chaparé and thereafter the slopes of the Yungas till 
they eventually reached the Argentine border near Yacuiba. The swarms 
first began to pass the neighbourhood of Santa Cruz de la Sierra (675 miles 
N.NE. of Tucuman) on November 10th and were first recorded from near 
Yacuiba on the 20th. No trace remained of these swarms at Chaparé on 
November 15th. 

Arcentina.—Mr. A. F. Prosen has informed me that in the province of 
Salta he on one occasion travelled 60 miles at right angles to the line of flight 
of monuste without seeing any trace of the edge of the swarm, and he was not 
able to obtain any details as to how far the swarm extended in the other direction. 

Mr. G. Magistretti wrote me that there had been a great increase in the 
ground population of monuste present in the N. and H. of the province of 
Mendoza towards the middle of December. 

At Jests Maria, 30 miles N. of the city of Cordoba, monuste passed flying 
ahead of a storm on Dec. 8th, and again on the 9th (G. W. Coward). 

Mr. A. K. Owen has sent me from Ascochinga (some ten miles from Jesus 
Maria) a day-by-day report of his observations on monuste and carinenta in 
that locality. Summarised these are as follows: Ascoa monuste were seen 
daily flymg E. from Dec. 5th till the 9th, the wind being north. On Dec. 10th 
they were flying W., wind N.E., some at great height. On Dec. 14th (calm) 
swarms passed flying E. and the following day in spite of rainstorms N.E. 
From Jan. Ist till the 4th great numbers were present flying in all directions. 
On Jan. 6th (wind N.) great swarms flew E. in the morning and S$. in the after- 
noon. A small dark species was also seen [carinenta]. On Jan. 7th (wind N.) 
millions of monuste were flying 8.; at noon two layers were observed, the 
lower flying 8. and the upper W. At times individuals broke away from one 
swarm to join the other ; females were observed laying. On Jan. 8th and 9th 
(wind N.), monuste was flymg 8. From Jan. 10th till Feb. 25th monuste was 
present in the neighbourhood in great numbers, flying in all directions, but 
Mr. Owen records no definite directional flights. From Feb. lst onwards 
carinenta was also common. 

Swarms of monuste passed over Cordoba city (400 miles S.E. of Tucuman) 
between 11 a.m. and noon on Dee. 6th, flying in waves at housetop level and 
coming from the N.W. before a storm that broke four hours later (Ethel Gray). 

Mr. P. Tallon, writing on Dec. 14th from Yacanto in the Cordoba hills (90 
miles 8.W. of Cordoba and almost on the borders of the province of San Luis), 
says: “ We have had our third butterfly invasion in this district within the 
last ten days. They have been passing all day from south to north.” The 
reference is to monuste. 

The following observations were made by Mr. P. Kéhler of the Ministry of 
Agriculture in Buenos Aires (700 miles 8.E. of Tucumadn): Feb. 14th, wind 
S.S.W. Ascra monuste flymg N.N.E. at 8 a.m. until 3 p.m., when the numbers 
decreased till the movement ceased at 5 p.m. The number of insects passing a 
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9-yard space between two walls averaged 100 per minute. They were flying 
close to the ground and many settled to feed. Specimens of Colias lesbia (Fbr.), 
Eurema deva, Euptoieta sp. [claudia hortensia (Bl.)], a Phyciodes sp. and Precis 
lavinia were occasionally seen accompanying the migrants. On the following 
day the movement continued from 8.40 till 4 p.m. on a reduced scale. Males 
and females were present in approximately equal numbers, the females with 
very few fully developed eggs. 

The following is a summary of some notes sent me by Mr. Ian H. Gibson of 
Hurlingham, a north-western suburb of Buenos Aires. Jan. 13th, wind N. 
(ight). The Pierid was seen from 9.30 till 11.30 a.m. flying 8.S.E. and N.E., 
mostly N.H. At 3 p.m. the wind was 8.W. and the butterflies reappeared 
flying N.H. till 5 p.m. Numbers of L. carinenta were flying N.E. The day 
following (wind veering between N.W. and N.E.) monuste commenced flying 
N.E. at about 9 a.m. At 1.30 p.m. the wind settled N.E. and the butterflies 
were migrating S.W. till 5.15. The species carinenta continued to fly N.E. 
all day. 

I was also informed by Dr. José M. Cei that monuste reached as far south 
as Mar del Plata (245 miles 8. of Buenos Aires) ; thus the total north to south 
range of migration of this species as observed was 1855 miles. 


SUMMARY AND CONCLUSIONS. 


The paper deals with a migration of Ascia monuste and Libytheana carinenta 
during the spring and summer of 1951-52 that took place in the Argentine, 
and in the case of the first named, also in Bolivia. A day-by-day record of 
this migration is given, and from the observations made the following con- 
clusions have been reached : 

Ascia monuste on migration flies close to the ground when the wind is 
adverse and high when the wind is favourable. There is a tendency to fly low 
on cloudy days and higher in bright sunshine. The migratory swarms may 
reach an altitude of over 3000 ft., and mountain ranges of up to at least 5000 ft. 
in height do not cause the migrants to deviate from their course. The flight 
sometimes continues during the night, and the speed of flight against a strength 
2 wind is about 6 m.p.h. whilst the species attains 12 m.p.h. in calm. 

Iibytheana carinenta on migration flies usually close to the ground and below 
15 ft., does not appear to fly at night and moves at the same speed as Ascra 
monuste (6 m.p.h. against a strength 2 wind and 12 m.p.h. in calm), but is 
capable of greater speeds for short distances. 

Eurema deva was also timed and found to fly at about 2 m.p.h. against a 
strength 2 wind. 
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LARVAE OF THE BRITISH TRICHOPTERA.—37. 
By N. E. Hicxty, Ph.D., F.R.E.S. 


Setodes tineiformis Curtis (Leptoceridae). 


Oxp Bury Hill Lake, near Dorking, Surrey, is artificially constructed by the 
damming of a small stream. Judging from the large dimensions of many of 
the ornamental trees growing on its banks, it has been there a very long time. 
On 28th May, 1952, I collected some fronds of Myriophyllum sp. and Ranunculus 
aquatilis for aerating some of my caddis-rearing aquaria, and thereby acci- 
dentally introduced a number of larvae of Setodes toneiformis Curtis. On 
13th July I revisited the Lake and found that almost every frond of weed held 
one or more larvae of this Caddis. It must be present there in fantastically 
large numbers. A series was reared through to the adult stage and Mr. D. EH. 
Kimmins kindly identified the species for me (fig. 1). 

Case.—Yellowish-brown, of secretion only except at posterior end, where some dark- 
coloured material appears to be admixed. Anterior end transparent, through which the 
green abdomen of the larva can be seen. When empty very like a hedgehog quill in 
appearance, only very slightly curved. Length 12 mm.-15 mm. Just over 1 mm. wide 
at anterior end (fig. 2). Larva: Length 8 mm., width 0:75 mm. Head orthocentrous, 
considerably retracted into prothorax. Pro- and meso-nota sclerotised. Head golden 
yellow. Pattern of dark brown spots as shown in fig. 3. Eyes appear to-be situated 
closer to the mouth than in Setodes argentipunctella. Antennae well developed; distal 
half of distal segment blade-shaped. Gular sclerite: It is difficult to make out exact 
limits; it may, however, be the light brown triangular area lying immediately below 
the paired light brown areas (fig. 4). Pronotwm golden yellow with two black areas near 
centre of anterior margin. Mesothorax half as wide again as pronotum. Mesonotum 
slightly darker in colour and having a pattern of black spots (fig. 5). Legs : Prothoracic 
legs short ; meso-legs intermediate in size with characteristic tarsal claw (fig. 6). Tip of 
claw bifid, and tip of tarsal bristle just touches tip of nearest claw. A series of eight 
bristles on the ventral surface of the tibia and four on the tarsus arise from wedge-shaped 
projections. Meta-legs long, fringed with long black hairs for swimming. Abdomen : 
Conical, tapering posteriorly, bright green in colour. Protuberances on first abdominal 
segment wedge-shaped. Single filiform gills on second segment only. A row of about 
twenty-seven tubercles situated laterally on the ninth segment only (fig. 7). Claw of anal 
clasper with two auxiliary hooks (fig. 8). 


The larva is able to swim freely, dragging its case behind. Swimming is 
accomplished by means of rapid beats of the metathoracic legs, which are long 
and fringed with long hairs, as in Triaenodes bicolor Curtis. It is this habit 
which enables the species to maintain itself amongst the surface vegetation 
in the deep weedy pools in which it is found. 


SUMMARY. 
The larva of Setodes tineiformes Curtis (Leptoceridae) is described and 
figured in detail and a figure of the adult is given. 
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Fias. 1-4.—Setodes tineiformis Curtis. (1) Side view of adult, length of body 8 mm. 
(2) Side view of larva in case. (3) Head and pronotum from the front. (4) Head 
from below. 
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Frias. 5-8.—Setodes tineiformis Curtis. (5) Thoracic nota and le 
: es (one leg of each se t 
only shown). (6) Tarsal claw of mesothoracic leg. (7) Anal ee (8) Claw 
of anal clasper. 
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THE POSTEMBRYONIC STAGES IN THE LIFE CYCLE OF 
_ AULACIGASTER LEUCOPEZA (MEIGEN) (DIPTERA 
CYCLORRHAPHA ; AULACIGASTERIDAE) 


By Mrs. Iris Rosrson, B.Sc. 
(The University of Sheffield.) 


Accorpine to Kloet and Hincks (1945), this species, named Aulacigaster rufi- 
tarsis by Macquart, is synonymous with Aulacigaster leucopeza (Meigen), the 
name adopted in this paper. 

The larva and puparium of this fly were first described by Dufour (1846), 
who found them in France during May in the ulcers of elm trees. Dufour 
does not record the number of larval instars. Indeed his description of the 
larva is a composite one in so far as it includes the prothoracic spiracle of the 
second instar and the general body covering of cuticular spines characteristic 
of the third. The respiratory tube carrying the postabdominal spiracles and 
the ventral spiniferous locomotory pads are mentioned but not described. 
Dufour also figures the puparium with its characteristic pupal horns but gives 
no detailed description. 

The occurrence of the larvae was recorded by Keilin in 1921, in the brown 
flux of a Cambridge elm tree and in 1927 in a horse chestnut tree. In 1944 this 
author described the metameric structure of the tracheo-spiracular system and 
figured the puparium without verbal description. 

The species, whose early stages are here described, was found on Elm and 
Chestnut brown fluxes in Sheffield. 

I have to thank Professor L. Eastham for suggesting to me the ecological 
problem of tree flux faunas and for help during the investigation. I also thank 
Mr. H. Oldroyd of the British Museum (Natural History) for identifying the 
species from my Sheffield fluxes as A. leucopeza Meigen. 

The genus is now placed in the family Aulacigasteridae (Kloet and Hincks, 
1945), after being placed at different times in one or other of the families Droso- 
philidae, Agromyzidae and Ephydridae (Keilin, 1927). 


Lire History. 


Numerous flies were found visiting the brown fluxes in May. At this time 
they mated and laid eggs, either singly or in groups of two or three, on the pro- 
jections of the flux material. First larval instars could be found between early 
June and mid-August. Second larval instars were found between mid-June 
and mid-August, and third instars from mid-July to late August. From this 
it would appear that oviposition continues during early summer months. Lab- 
oratory cultures on boiled flux material in glass vessels were easily made and 
from these suitable checks were made on field observations. Filter-paper with 
sucrose solution served as food for the flies. 
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The Egg (fig. 1). 

This measures 0-5 mm. X 0-2 mm., is ovoid in shape with a flattened strap- 
like ventral surface which is united by a flange laterally to the remaining egg 
chorion. The chorion is delicately sculptured with an irregular honeycomb 
pattern and is raised in places into longitudinal ridges (fig. 1). 


Aion, 
Peart a 


——— 


WARE ATste AES 


0.2 MM 


0.1MM 


Fie. 1, 2.—(1) The egg, ventral view. (2) Anterior end of first instar. AN., 
antenna ; BS., buccal spines ; DB., dorsal bridge of pharyngeal sclerite ; px., dorsal 
hook ; me., maxillary palp ; Ms., mandibular sclerite ; ps., pharyngeal sclerite. 


Larval Instars. 
There are three larval instars characteristic of Cyclorrhaph Di 
(Keilin, 1915). i dratey 
The first larval instar.—The first instar is 1-6 mm. long when fully grown. 
It is transparent and approximately cylindrical with a slightly flattened ventral 
surface. The larva tapers slightly from the first abdominal segment forwards— 
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otherwise it 1s uniform in diameter. In this acephalous larva three thoracic 
and eight abdominal segments are recognisable. 

The mouth is ventral and in front and above it the head is bilobed, each 
lobe bearing a short, two-segmented antenna, in front of which is a circular 
maxillary sense organ (fig. 2). 

On each of the first seven abdominal segments is a pair of ventral spini- 
ferous locomotory pads, on each of which are three rows of spines arranged 
transversely, except that on the first segment there are only two such rows. 

On the eighth abdominal segment there is a single transverse row of back- 
wardly pointing spines in front of the anus. There are no such locomotory 
structures on the thorax. 

The eighth segment is further characterised by a pair of lateral fleshy pads 
and a terminal respiratory process. This latter is extensile and retractile, and, 
bifurcating distally, carries on its arms at their tips the posterior and only 
functional spiracles which the metapneustic larva in this stage possesses. When 
extended, the respiratory process constitutes one-third of the total length of 
the larva. The spiracles are brown and each has an extensive felt chamber 
within the process. In the spiracular area are two centrally perforated papillae. 
Neither bristles nor hairs have been observed round these spiracles, but a peri- 
spiracular gland, to which reference will be made later, is associated with 
each spiracle. 

The cuticle of this instar is transparent and generally smooth. There are, 
however, areas of brown, backwardly curved spines lateral and ventral to 
the mouth opening. 

Sensory hairs in sparse distribution are found on the body surface. These 
arise singly and are without papillae. On each thoracic segment there is a 
pair of lateral circular sensory papillae, from each of which arise three sensory 
hairs. These are (Keilin, 1915) the sensory remains of the thoracic limbs. 

The pharyngeal skeleton (fig. 2) is delicate and slender, as is usually the 
case in first instar larvae of Cyclorraphous Diptera (Keilin 1915). It is black 
and extends ventrally into the mesothoracic region. Dorsally a pair of cornua 
projects backwards from the sides of the main body of the pharyngeal sclerite 
and a narrow dorsal bridge connects the two sides anterior to the region of the 
cornua. There are minute pale patches on this bridge region giving to it 
a fenestrated appearance. 

A median dorsal hook projects forwards as the labrum (Keilin, 1915). This 
is well developed and strongly sclerotised. A median ventral piece, the labium 
of Keilin (1915), is less strongly developed. In front of the pharyngeal skeleton 
so constituted, are the paired curved mandibular sclerites. 

The second larval instar —This instar is 1-9 mm. long at its first appearance 
and 4-1 mm. long when fully grown. 

In general it resembles the first instar but it is amphipneustic, there now 
being a pair of prothoracic spiracles. 

The distribution of backwardly directed bristles is similar to that of the 
first instar, except that there are transverse rows of spines in front of the mouth. 
On the first and eighth abdominal segments there are two transverse rows of 
spines on the spiniferous pads, while on the second to the seventh segmental 
pads there are four such transverse rows. 

Each prothoracic spiracle has a long felt chamber (fig. 3), and at its protru- 
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sible tip are five or six papillae. The Sekai of these spiracles converts the 
hitherto metapneustic condition to the amphipneustic. af 

Similar acihonee spiracles are briefly described, by Keilin (1927, 1944) 
for this species under the name of A. rufitarsis—a condition similar in kind 
to that of Dermatobia hominis described by Umana (1915). The post- 
abdominal spiracles have each three centrally perforated papillae (fig. 4). 
The process of moulting of these spiracles is of the third type described by 
Keilin (1944), in which the ecdysial opening is obliterated and a spiracular 


PG. 


FIG.4 


Fies. 3, 4.—Second larval instar. (3) Prothoracic spiracle. (4) Posterior end of 
respiratory trumpet; FCH., felt chamber ; PG., perispiracular gland ; PM., perispir- 
acular membrane ; s., globules of secretion ; sH., sensory hair with batonnet ; sp., 
perforation of postabdominal spiracle ; TR., Tracheal trunk. 


plate with fine rauial clefts, or papillae with clefts, is formed outside the ecdysial 
scar and does not surround it. There is a narrow transparent membranous 
area surrounding these spiracles (fig. 4). Perispiracular glands are present. 

The sensory hairs, instead of being single are in groups of three, each group 
arising from a basal papilla. The sensory hairs representing the thoracic limbs 
are as described in the previous instar. 

The pharyngeal skeleton is unlike that of the first instar. Since it so closely 
resembles that of the third instar about to be described, there is little point 
in giving it a separate description here. 

The third larval instar —This instar is 6-0 mm. long when fully grown (fig. 
5). It is more dorso-ventrally flattened than are the other two instars. Its 
abdominal segmentation is a little obscure, but an examination of sensory hairs 


stages of Aulacigaster leucopeza (Meigen) 81 


and of the tracheo-spiracular metameres (Keilin, 1944) makes this clear, particu- 
larly in the definition of segment 8. The lateral surfaces of this segment are 
in the form of fleshy lobes which are probably rectal glands which have pro- 
lapsed to this position (fig. 5). This conclusion is based on the fact that they 


FIG.7 


Fies. 5-10.—(5) Whole larva, third instar. L1., lateral fleshy lobe of the eighth 
abdominal segment. (6) Prothoracic spiracle, third instar. (7) Sensory vestige of 
thoracic limb, third instar. (8) Cuticular spines from the dorsal surface of the 
fourth abdominal segment; third instar. (9) Ts., pharynx, third instar. v., 
groove in floor of pharynx. (10) Pharyngeal skeleton, third instar. DB., dorsal 
bridge of pharyngeal sclerite ; us., hypostomal sclerite ; ms., mandibular sclerite ; 
ps., pharyngeal sclerite ; va., ventral groove of pharyngeal sclerite. 


have no spines, they possess no sensory hairs and their lining cells have large 
nuclei visible in whole mounts. These cells are probably glandular in function. 
Preliminary, but as yet incomplete, experiments indicate that these lobes may 
have an osmo-regulatory function. } 

There are three pairs of sensory hairs on the respiratory process. The 
terminal pair is associated with small stiff upright projections described by 
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Keilin (1915) in Diptera and named “ batonnets.” According to this author, 
these are only found in association with lateral sensory hairs. If this is so, the 
terminal sensilla are the “ laterals’ of the eighth segment, those lying at the 
base of the respiratory process, and the pair just below the terminals, represen- 
ting the “ dorsals”’ and “‘latero-dorsals ” of this segment respectively. The 
sensory hairs representing the thoracic limbs are as in the first and second 
larval instars (fig. 7). : 

Except for the ventral cuticle between the locomotory pads, the fleshy lobes 
of the eighth segment and the terminal parts of the respiratory process of the 
abdomen, the whole body is covered with numerous backwardly directed spines 
(fig. 8). It is this character by which the third instar is recognised with cer- 
tainty. The spines on the locomotory pads are as in the second larval instar. 
The bilobed head region with its antennary and maxillary sense organ is much 
as was described for the first instar. 

The larva is amphipneustic, the prothoracic spiracular mechanism being an 
elaboration of that described for the second instar. Each of the prothoracic 
spiracles (fig. 6), has a very long felt chamber with two rows of non-perforated 
finger-like papillae arranged along its sides. Individuals vary in the number of 
papillae, but thirty-two is an average. A pocket in the prothoracic wall en- 
closes this spiracle, and from this pocket the terminal part of the spiracle, to 
the extent of a few papillae, can be protruded. It is only at pupation that the 
whole of the felt chamber region of the spiracle is protruded, on which the 
puparium is given a very characteristic form which has been figured by Keilin 
(1944). : 
The postabdominal spiracles have large felt chambers with in each case 

three papillae arranged in a semicircle. Each papilla is perforated by a single 
aperture. No perispiracular bristles or hairs are present. Each group of 
papillae lies in a surrounding membrane. 


Perispiracular glands. — 


Associated with the postabdominal spiracles in each instar is a pair of 
perispiracular glands (fig. 4). Hach gland is ovoid and twice the length of the 
felt chamber. Within the glands can be observed numerous globules of an 
oily yellowish secretion. This is not miscible with water. The secretion 
collects into an intracellular duct which passes to the postabdominal spiracular 
membrane. In neither living material nor in prepared sections was it possible 
to see cell limits. The oily nature of the secretion doubtless serves a hydrofuge 
purpose at the spiracular plate, making it easier for the animal to maintain a 
connexion with the atmosphere in this region, in the watery environment in 
which it lives. A prothoracic gland of similar structure was described in 
Mycetoa pallipes (Meig.) by Keilin (1944). While no distinct gland has yet 
been found in the prothorax of Awlacigaster larvae, the presence of oily globules 
in the hypodermis there suggests that one exists, and with similar function. 
Perispiracular glands have been long known in insects and among others have 
been described and recorded by Leydig (1859), Batelli (1879), Viallanes (1884), 
Gazagnaire (1886), Pantel (1901), Keilin (1913), Kriiger (1926), Dolley and 
Farris (1929), Bates (1934), Keilin, Tate and Vincent (1935), Butt (1937) 
Phillips (1939), Keilin and Tate (1943), and Keilin (1944). 


> 
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The pharyngeal skeleton is large and strongly developed (fig. 10). Dorsally 
the pharyngeal sclerite has two posteriorly directed cormua. Its ventral plate 
Is characterised by prominent longitudinal grooves (figs. 9 and 10). Anteriorly 
a dorsal bridge joins the lateral walls of the sclerite to each other. This bridge 
appears to be fenestrated as in the first instar. Projecting forwards from the 
anterior border of the pharyngeal sclerite there runs a pair of slender rods which 
make contact with the sides of the H-shaped middle piece or hypostomal 
sclerite. There is also a pair of short median anterior ventral prolongations 
of the pharyngeal sclerite. To the hypostomal sclerite is articulated a pair 
of vertically moveable mandibular sclerites. Each of these bears a further 
terminal piece and a small lateral tooth on its outer side. 

The saprophagous habit of this larva is indicated, following Keilin (1915), 
by the presencé of T-shaped ridges in the floor of the pharynx. These are 
well seen in transverse sections (fig. 9). 


The Puparium. 


The puparium is light brown and its surface is rough due to the presence 
*of cuticular spines. It is approximately cylindrical in shape and is dorso- 
ventrally flattened. It is 4-0-4:5 mm. long and its greatest breadth is 1-4 mm. 

At pupation the prothoracic spiracles are completely everted, so that they 
protrude from the surface of the slime flux in which the body of the puparium 
is immersed. 

When eclosion takes place, a transverse split on the dorsal surface of the 
first abdominal segment appears and extends forwards at either side round the 
anterior end of the pupartum. In this way an anterior dorsal cap, carrying 
the prothoracic spiracles, is formed. This cap is pushed off by the 


emerging imago. 


SUMMARY. 


Aulacigaster leucopeza Meigen lives during its early stages in the tree fluxes of 
both Elm and Chestnut. The adults gather there for mating and oviposition 
in the month of May, and larval stages are found between early June and late 
August. 

The egg, three larval instars and puparium are described. The first instar 
is metapneustic, the second and third instars being amphipneustic. 

The spiracular apparatus is described, and in relation to that on the eighth 
abdominal segment there are perispiracular glands, the secretion from which 
may impart a hydrofuge property to the spiracular area. 
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ON THE BEHAVIOUR OF CERTAIN CERATOPOGONIDAE (DIPTERA). 


By A. C. J. Weerexoon, B.Sc., Ph.D. 
(Department of Zoology, University of Ceylon, Colombo.) 


I. Tae Pupation or Palpomyia quadrispinosa Gort. anv Bezzia sp. 


Lawson (1951), describing a “successful pupation,” i.e., one which was ulti- 
mately followed by the emergence of the adult fly from the pupa, in a larva of 
Culicordes albicans (Winnertz), reported that fifteen minutes after the pupa had 
cast the larval skin, an air-space appeared in and soon spread throughout the 
region of the wing-buds. I was puzzled by this phenomenon, for the pupa had, 
apparently, been completely submerged when the air-space appeared (Dr. 
J. W. H. Lawson—personal communication). Yet I felt it was more likely 
that the pupa had obtained this gas from the atmosphere than that it had 
secreted it from its body liquids or extracted it from the surrounding water. 
The process seemed to me too rapid for secretion or extraction. Therefore, 
when in May, 1950, I found that the debris thrown up upon the shore of Loch 
Lomond was a rich source of mature ceratopogonid larvae, I used them in an 
attempt to discover how the gas appeared. -Lawson’s observations had indi- 
cated that, for Culicoides albicans and C. heliophilus, the appearance of the 
evaginated and pigmented pupal respiratory horns within the larval prothorax 
indicated that pupation would take place within a few hours. All the larvae 
used in the experiments to be described below showed well-pigmented pupal 
respiratory horns within the prothorax. They also showed a marked persist- 
ence in climbing out of the water in the container, up exposed debris and vege- 
tation. 

One of a pair of larvae was placed in a 2 in. x 4 in. glass tube, half full of 
water. A small sprig of Ceratophyllum was then inserted so that it was partly 
below and partly above the level of the water in the tube. The part above the 
surface of the water was held against the inside of the tube by a film of water. 
The larva promptly climbed out of the water on to the exposed part of the Cera- 
tophyllum. The other larva of the pair was placed in a similar tube containing 
the same amount of water and a similar-sized sprig of Ceratophyllum. This 
time, however, the entire sprig was pushed down well below the water surface, 
so that it offered no means by which the larva could climb out of the water. 
It had been found by previous observation that a larva could not leave the water 
by climbing up the dry and smooth inner surface of the tube. The half-inch 
diameter of the tube as a rule prevented the larva from assuming a horizontal 
position at the surface of the water and hence from resting upon the surface 
film. So that if pupation occurred in this tube, it would have to occur beneath 
the surface of the water, probably upon the bottom of the tube. Over the 
mouth of each tube was a cover of fine netting, held in position by a rubber 


band. 
1 This work was carried out in the Department of Zoology of the University of Glasgow. 
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In all, 32 larvae of the genus Palpomyia were used, 16 of them set up in 
experimental tubes in which they were enabled to climb out of the water, 16 
in experimental tubes which prevented this. The tubes were examined. hourly, 
except from 1 a.m. till 9 a.m. Each experiment was ended when the subject 
was dead, or when an imago had successfully emerged. The contents of each 
tube were preserved in formalin, and the species of the imago determined after 
the whole series of experiments was completed. It was found that all the 
imagines which emerged belonged to the species Palpomyva quadrispinosa. The 
numerical results of these 32 experiments are summarized in the following 


table. 


t 
Support above Be ree 
ea water surface. LHe eran 
No pupation : larva still alive 0 é 1 
No pupation : larva dead : é 0 : 2 
Pupation occurs: “‘ unsuccessful” : ; : : 3 ee 
Pupation occurs: “successful ”’ é 13 ‘ 1 
Total , i : : : : : : : 16 c 16 
rages é . : é p ; é : : 0:8 ; 0-4 
(N.B.—‘ P”: all non-pupations classed as “ unsuccessful pupations.”’) 


* In this case the larva must have been able to climb up the side of the tube or to suspend 
itself from the surface film. Pupation must have occurred in contact with air. When the 
pupa was first seen it was floating, well tanned, and had well developed air spaces. 


The experiments proved that when a larva could climb out of the water, 
pupation occurred outside the water; air spaces developed ; the pupal cuticle 
tanned completely within 2 to 3 hours, and 6 to 7 days later the imago success- 
fully escaped from the pupal skin. These pupations occurred one and a half to 
nine hours after the experiment was set up, that is, in effect, after the larva had 
climbed out of the water. 

On the other hand, if the larva was forced to remain beneath the surface 
of the water, it still pupated as a rule, but generally 14 to 37 hours after 
the experiment began, giving the impression that pupation in these circum- 
stances was postponed as long as possible. The pupa lay at the bottom of the 
water, wriggling feebly and quite unable to reach the surface, only an inch 
above it. Though it often lived for 24 to 66 hours, no air-spaces ever appeared 
in the region of its wing buds or elsewhere, and tanning of its cuticle failed to 
take place. Such a pupa invariably died if left to itself, this being a typically 
“unsuccessful pupation.”’ It seems certain that the pupa does not secrete gas 
into the sacs within its body, and is quite unable to do so unless it is in contact 
with the atmosphere. The experiment described below makes it certain that 
in Palpomyia quadrispinosa the gas passes in from the atmosphere by way of 
the spiracles in the pupal respiratory horns. 

A pupa which had been forced to cast its larval skin whilst beneath the 
surface of the water, and had been feebly wriggling, pale and devoid of air- 
spaces, upon the bottom of the experimental tube for 24 hours, was placed with 
a few drops of water in a petri dish. It was kept under observation through a 
binocular dissecting microscope. As the water spread over the petri dish, it 
thinned out and one of the pupal horns soon broke through the surface. Within 
a few seconds of this happening glistening air-spaces had appeared throughout 
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the entire region of the wing buds. When, after about 30 minutes, the pupa 
was replaced in a tube of water, it floated despite vigorous shaking of the tube. 
ae hours later tanning of the cuticle was complete and the pupa was no longer 

The experiment was later repeated upon another pupa. This one had 
remained at the bottom of the water in the experimental tube for 70 hours, and 
must have been very near the point of death. As before, a few seconds after 
a respiratory horn had made contact with the atmosphere, gas appeared in the 
zone of the wing buds. Its spread was somewhat slower, and apparently com- 
plete only after 3 minutes. The pupa was carefully placed upon the surface 
film of water in a tube; it sank. It was exposed for a further 3 minutes and 
then returned to the tube of water; it sank again. Two further exposures, 
each of 3 minutes, were needed before it floated in the water. Whilst this 
single observation is obviously insufficient, it seems safe to assume that though 
air sacs may spread completely over the region of the wing buds within a few 
seconds to three minutes of contact being established between a pupal respira- 
tory horn and the air, this contact has to be maintained for almost a quarter 
of an hour before the pupa becomes buoyant enought to float in water. This is 
significant, for it means that successful pupation cannot occur at the surface 
of the lake, with the larva suspended in the surface film, except perhaps during 
fairly lengthy periods of calm weather. For even if a pupa does not drop from 
the surface film by the vigour of its emergence from the larval skin, it will 
remain there only as long as the water is unrufiled. These two experiments 
make it almost certain that the gas in the air-spaces of the pupa has come from 
the atmosphere via the respiratory horns. They also indicate that the tanning 
of the pupal cuticle is connected in some way with the entry of gas from the 
atmosphere into the pupa. 

I have repeated these experiments, but on a much smaller scale, with larvae 
of the species of Bezzia which occurs in Loch Lomond. Results were the same. 
These experiments on P. quadrispinosa and Bezzia sp. show it to be highly 
improbable that Lawson’s larva could secrete gas. 

These results have another and more general significance. It has been 
assumed that ceratopogonid pupae found in large numbers along the shores of 
Loch Lomond had been thrown up with debris from the lake. It now seems 
certain that these pupated on the shore, and that the mature larvae also found 
have come out of the water to pupate. Pupation occurs outside the lake in 
contact with the air. 


II. Tue OccuRRENCE OF CERATOPOGONID LARVAE IN THE PLANKTON OF 
Locn Lomonp. 

Aquatic ceratopogonid larvae are typically benthic organisms and, though 
capable of swimming, spend their time burrowing through the bottom deposits. 
It was therefore rather surprising when Dr. H. D. Slack (personal communica- 
tion) discovered a specimen of Palpomyia sp. in a haul of plankton made at 
night near the surface of the lake where it is about 18 m. deep. I wondered 
whether these larvae behaved in the way the culicid, Chaoborus flavicans 
(Meigen), does in Lake Esrom (Berg, 1938), that i to say, swimming during 
the night and burrowing through the deposits on the bottom during the day. 
To investigate this, I took three quantitative samples with the Petersen grab 
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from my Station 2 (depth 4 m.) at 6 p.m. G.M.T. on 26.v.49 in bright sunlight, 
and three more from the same place at 0.30 a.m. G.M.T. on 27.v.49 during the 
period of maximum darkness. At night, 34 larvae, of which 22 were Probezaia 
venusta, and 1 Bezzia sp., were found in the bottom, and during the day 18 
were found, of which 11 were P. venusta. These numbers definitely ruled out the 
possibility that ceratopogonid larvae as a whole left the bottom deposit at 
night. 

; Simultaneously with the bottom sampling, horizontal plankton collections 
were made along a line perpendicular to the shore, and running between the 
buoys marking my Stations 2 and 3 (depths 4 to 7m.). Three hauls were made 
for each collection, at depths of 0, 0°5 and 1:0 m. respectively. Since these 
hauls were made between two fixed points they are comparable though not 
quantitative. No ceratopogonid larvae were found in the day collections ; 16 
were found at night, 15 Probezzia venusta and 1 Bezzia sp. 

Since the results of the benthic sampling made it clear that ceratopogonid 
larvae did not as a whole adopt a plankton habit during darkness, the dis- 
covery of these larvae in the night plankton must indicate that they were in 
some special state. Hach of the 16 showed definite signs of being very near 
pupation. For example, the pupal respiratory horns were well pigmented and 
evaginated, and clearly to be seen through the wall of the slightly swollen pro- 
thorax (cf. Lawson, 1951). None of the 52 larvae collected from the bottom 
deposits showed these features. 

A second plankton collection, made one and a half hours later, yielded no 
larvae. It seemed certain, that the presence of ceratopogonid larvae in the 
plankton at night was closely connected with their readiness to pupate. I 
~ supposed at that time—a year before the experiments described in Part I of 
this paper—that pupation occurred on the surface and that these mature 
larvae had swum out of the bottom deposit for that purpose. 

None of these sixteen larvae pupated successfully in the laboratory. They 
were placed in water from the lake in a Kilner jar; there was a wide expanse 
of surface film from which they might suspend themselves, and they were in 
fact often observed to do so. Fourteen larvae died; two pupated but the 
pupae died. 

The experiments carried out the followmg year upon pupation (see Part I) 
make it clear that these larvae could not have pupated successfully whilst 
hanging from the surface film of the water in the Kilner jar, nor on the silt at 
the bottom of the jar; and that, in fact, pupation in nature generally occurs 
on a solid substratum outside the margin of the lake. It must, therefore, be 
concluded that when ceratopogonid larvae are about to pupate they make their 
way to the edge of the lake by swimming at or near the surface of the lake, 
during the hours of darkness. The shoreward migration which Berg (1938, 
a 97) suspected does in fact take place; but not, as he thought, along the 

ottom. 


II. Tae Freepine or Bezzia Larvaz; AND CoMMENTS ON THE 
Foop oF CERATOPOGONID LARVAE IN GENERAL. 


Many of the ceratopogonid larvae collected during a survey of Loch Lomond 
had the gut filled with a red, semi-liquid substance, rich in globules of various 
sizes. The colour and the consistency of this food made me suspect that these 
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cas had been feeding on animals containing haemoglobin, probably chiro- 
nomids. 

During my experiments on the pupation of ceratopogonid larvae, in May, 
1950, I happened to place 20 mature larvae of Bezzia sp. and 6 of Palpomyia 
quadrispinosa Goet. together in some water in a petri dish. They were all 
swimming about vigorously when I left them, yet an hour later most of the 
Bezzia larvae were writhing upon the bottom of the dish in a single tangled 
mass. By dropping water upon them a drop at a time out of a pipette I suc- 
ceeded in driving about a dozen of the larvae away. I then saw that the 
/ remainder were devouring one of the Palpomyia larvae, and realized that food 

was the cause of the aggregation of the Beszia larvae. 

Observation was continued through a binocular dissecting microscope. Two 
of the predators were attached to the Palpomyia larva by their mouths; three 
of them had their heads buried within the body of the prey, and one had forced 
its head and first two thoracic segments into the prey. The first two larvae 
mentioned were not placed so as to enable me to watch their feeding movements, 
whilst the other four could not, of course, be observed through the body of the 
prey. Fortunately, as I watched them, a seventh Bezzia larva swam up and 
attached itself by its mouth to the Palpomyjia, in a suitable position for obser- 
vation. I was unable to distinguish the organs by which it held on to the prey, 
but have little doubt that the mouth hooks and the curved claw-like mandibles 
were used. The latter seem particularly well adapted for this purpose, and for 
tearing open a hole in the side of the prey. 

In this account, larval structures will be referred to by the names used by 
Lawson in his description (1951) of Culscoides nubeculosus (Meig.), a procedure 
which is justified by the fundamental resemblance in the anatomy of members 
of the “ vermiformes ” group of ceratopogonid larvae to which Bezeia, Palpo- 
myia, Probezzia, Johannsenomyia and Culicoides all belong. ; 

Almost immediately after attachment an emulsion-like liquid began to 
flow out of the body of the prey into the gut of the predator. This liquid was 
crowded with globules of various sizes, and, except in colour, resembled the gut 
contents of the ceratopogonid larvae mentioned earlier. The presence of the 
globules helped me to follow the passage of the food to the intestine. 

The flow was not continuous, but in spasms, at a rate of about one spasm 
per half second. At the beginning of each spasm, the cavity of the cibarium 
(fig. 1, a) is dilated, and a ‘“‘ mouthful’ of food sucked in. Next, the epi- 
pharynx (£) swings forward on its arms (F), dilating the pharynx (B). The 
- food in the cibarium now flows into the enlarged pharynx (fig. 2), assisted, . 
perhaps, in its passage by the collapse of the cibarial walls to their original 
position. The labrum (p) probably acts as a valve preventing the food from 
flowing forwards out of the cibarium. In the third phase the epipharynx 
swings backwards. This collapses the pharynx from before backwards, and 
drives the food out through the oesophagus (c) into the intestine (¢). During 
this third phase of one deglutition the first phase of the succeeding deglutition 
begins, the cibarium dilating again and sucking in the next “mouthful” of 
food (fig. 1). Feeding was complete in about half an hour ; the larva detached 
itself and swam away. 

By this time the other larvae had also left the prey, and I was able to examine 
what remained. Except in the head, the first two and last two body segments, 
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the larval skin and the pupal skin within it were quite empty ; so was the gut. 
Whether the muscles had been torn up and then swallowed in the same way as 
the body liquid, or whether they were predigested and then swallowed, it 1s 
not possible to say, for it should be remembered that the Palpomyva larva may 
have been first attacked nearly one hour before these observations began. 
Though this is the first time the way in which a ceratopogonid larva feeds 
on another insect has been described, there have been a few references in the 


Ze 


Fic. 1-2.—Diagram of Ceratopogonid larval head to illustrate method of feeding. 
For explanation of lettering, see text. 


past to such a diet. Thus Pratt (1907), whose report is the earliest, states that 
Ceratopogon guttypennis Coq. feeds on “ dead mosquito and other larvae,” and 
that in one instance “ the larvae had accomplished the complete disintegration 
of a rat-tailed maggot,’’? and in another he had seen them “render the skin 
of the beetle® larva transparent,” several larvae having completely entered 
the beetle larva. Ingram (1917)* reports that five or six larvae of Forcipomyia 
ingrami Carter quickly destroyed the stranded larva of the mosquito Stego- 
mya fasciata Fabr. Carter (1919) confirms this, and adds that “ given favour- 
able opportunities for attack, [Forcipomyia] larvae prey upon larvae of mos- 
quitoes breeding in rot-holes.”’ Leathers (1923) saw a larva of Ceratopogon sp. 
“ feeding within the dead body ofa pupa .. . of the same species.” Mayer 
(1934) reports a case of T'etraphora (= Dasyhelea) larvae feeding upon a pupa 
of the species ; and Thomsen (1937) states that Probezzia glabra Coq., Bezzia 
varicolor Coq., Alluaudomyia sp. and Palpomyia pruinescens Thom. are pre- 

2 Hristalis sp. 

3 Prionocyphon discoides Say. 

* T was unable to examine this paper myself, and rely upon Carter’s account (1919) of it. 
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datory and feed on chironomids, mosquitoes, trichoptera and, in the absence of 
other food, upon their own kind, and upon smaller ceratopogonid larvae such 
as Culicoides. 

All these observers, however, except Ingram and Thomsen, state that the 
species referred to by them are, in the main, detritus feeders; that the con- 
sumption of animal food is rare or accidental ; and that the insect is generally 
dead or badly disabled before it is attacked by the ceratopogonid. 

The liquid or semi-liquid nature of the gut contents (cf. Mayer, 1934, who 
refers to it as a “fine broth”’), and the occasional presence of minute sand 
grains or diatom frustules (Mayer, 1934) has probably been responsible for a 
persistence in explainmg away instances of the predatory habit. But my obser- 
vations on the feeding of Bezzia have shown that the “fine broth” in its gut 
is, in fact, animal matter sucked out of the body cavity of the prey ; and that 
diatom frustules, pollen grains and other vegetable particles would almost 
certainly enter the gut of a carnivorous ceratopogonid larva whose prey was a 
detritus feeder or a herbivore, since it sucked out not only the contents of the 
body cavity, but also those of the gut. 

As I mentioned before, I have found that larvae of Probezzia venusta, 
Johannsenomyia sp. (= nitida ?), Palpomyia quadrispinosa and Bezzia sp. often 
contain a red substance in their guts. This red substance cannot have come 
from any type of detritus available in the lake, and indicates that some haemo- 
globin-bearing material, probably from a worm or chironomid pupa or larva, 
has been consumed. The frequency with which I have observed this red food 
in the guts of these larvae, taken in conjunction with the observed example of 
predation by Bezzia larvae, convinces me that these ceratopogonid larvae are 
predatory carnivores. 


IV. Prepation By Palpomyia semafumosa Gort. 

On 17th August, 1949, at about 5.30 p.m. G.M.T., two male specimens of 
the mayfly Centroptilum luteolum Muell. were captured near the Field Station 
of the University of Glasgow at Auchentulloch Bay, Loch Lomond, each of 
them with a single female of Palpomyia semifumosa, about half as long as 
itself, clinging firmly to the top of its thorax. 

The first was still flymg when it was captured close to a swarm which it had 
just left. Prey and predator were placed in a 4-in. glass specimen-tube and 
watched. Within a few seconds the Palpomyia had pierced the neck of the 
prey and had begun to feed. Feeding lasted for 55 minutes, during which time 
fourteen separate punctures were made, three on the neck, eleven on the thorax. 
When feeding was over, the Palpomyia, with its abdomen greatly distended, and 
apparently disinclined to fly, walked away from the mayfly. The legs of the 
mayfly had collapsed shortly after the first puncture was made, and as it had 
not moved since then it was presumably dead when the ceratopogonid left it. 

The second mayfly was noticed floating on the lake, where it presumably 
fell when the ceratopogonid attacked. It was still alive and able to move its 
wings. As before, shortly after the Palpomyia had made its first puncture the 
mayfly collapsed upon the bottom of the container and remained motionless. 
Feeding lasted 35 minutes, eight punctures bemg made on the sides of the 
thorax.® 

5 [ was assisted in the observation of this second instance by Mr. F. Sinclair of Glasgow. 
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Though it seems to be commonly accepted (Clausen, 1940; Brues, 1946 ; 
Edwards, 1923; Séguy, 1950) that females of most genera of the Ceratopo- 
‘gonidae are predaceous, records of such predation are not numerous. Thus 
Palpomyia in Britain has only thrice before been reported to prey upon other 
insects. These reports are: (a) by Edwards, 1920; P. flavipes Meigen on a 
mayfly, Baetis sp., (b) by Malloch, 1914 ; Palpomyia sp. on a perlid fly ; and (c) 
by Varley, 1948, P. semifumosa on Rithrogena semicolorata Curtis, a mayfly. 
I have therefore felt it to be particularly necessary to record the instances I 
observed. 
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THE NYMPH OF NEOPERLA SPIO (NEWMAN) 
(PLECOPTERA : PERLIDAE). 


—  By-H. B. N. Hynss. 
(Department of Zoology, University of Liverpool.) 


In a previous paper (Hynes, 1952a) it was shown that there is reason to believe 
that all the Perlidae of the Ethiopian region belong to a single very variable 
species of Neoperla, and subsequent study of further collections has tended to 
confirm this view (Hynes, 19526). 

The present study is concerned with the structure and variability of the 
nymph of this species, and is based on a large number of specimens from the 
Belgian Congo, Kenya, French Guinea and Ethiopia. _ The Congo specimens 
were mostly collected by Dr. G. Marlier, through whose kindness they were lent 
to me by the Musée du Congo Belge, Tervueren. Most of the Kenya specimens 
were collected by Dr. V. D. van Someren of the River Research and Develop- 
ment Centre, Nyeri. The French Guinea specimens were lent to me by Dr. J. 
Aubert of the Musée Zoologique, Lausanne. Some of the Kenya specimens 
and the few from Ethiopia I collected myself. I wish to express my sincere 
gratitude to Drs. Aubert, Marlier and van Someren, and to the Musée du 
Congo Belge, for their kind co-operation. 


SPECIMENS AVAILABLE. 


The following is a list of the nymphs available for study. The letters 
(G. M.) refer to G. Marler ; in fact many of the Congo collections appear to 
have been made by him, but are not so labelled. Riv. = Riviére, ny. = 
nymphs, sk. = cast nymphal skins. 

Beteran Conco.—2 ny. Riv. Samhala, plaine St. Louis 25.vi.1912 ; 
2 ny. Moto, prov. Haut Uélé 1923 (LZ. Burgeon); 1 ny. Vallée de la Loashi 
vili.1937 (J. Ghesquiére); 2 ny. Lukula 1937 (£. Dartevelle); 2 ny. Toasta 
29.11.1939 (A. Lepersonne); 5 ny. Riv. Kalimabenge, Uvira 22.11.1949; 
7 ny. ditto. 21.1.1950; 3 ny. ditto 31.v.1950; 4 ny. 1.vill.1950; 8 ny. Riv. 
Ngombo, Isingo 12.iv.1949; 9 ny. Matale 11.v.1949; 16 ny. Riv. Nzokwe, 
Kasika 20.v.1949 (@. M.); 2 ny. Riv. Limindi, Kalambi, terr. Kabare 20.v. 
1949; 4 ny. Riv. Mudaga 9.vi.1949 (@. M.); 5 ny. Riv. Mushuva, Kalonge 
14. vi. 1949 (@. M.); 5 ny. ditto 14. xii.1949 (G. M.); 9 ny. 5 sk. Riv. Rusizi, 
Bugarama 21.vii.1949; 14 ny. Riv. Nyakahanga, Mwezi 22.vu.1949 (G@. M.) ; 
4 ny. Riv. Lufiro, Bugarama 27.vii.1949; 1 ny. ditto, no date; 3 ny. Riv. 
Nyamagana 8. viii.1949 ; 7 ny. Riv. Mugadja 25.ix.1949 (@. M.); 1 sk. Riv. 
Musondja, Masango 31.x.1949; 26 ny. Riv. Liviru, Katana 15. xi. 1949 
(G. M.); 7 ny. 2 sk. Riv. Nyabaringo, Bunyakiri 16.xu.1949; 17 ny. ditto 
98 .iii.1950 (G. M.); 5 ny. Riv. Kakumba, Uvira 22. xii.1949 (G. Mey aD nye 
Riv. Chirkungshwa xii. 1949 (G. M.); 6 ny. Ruisseau Km. 17 Lubeo, Bukenbo 
1.i1.1950 (@. M.); 23 ny. Riv. Rivangivi, Rutshuru 2.1.1950; 1 ny. Riv. 
Rangwe 2.ii.1950; 6 ny. Riv. Luhula, affl. Iswei, Busembo 7..1950; 5 ny. 
Riv. Luhula, route amont 8.ii.1950; 3 ny. Riv. Ibina, Butembo 11.11.1950 ; 
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11 ny. 2 sk. Torrent Mukwanga 13.ii.1950; 9 ny. Riv. Biakobe, Butembo 
13.11.1950; 11 ny. Riv. Sebeya. Goma 13.11.1950; 6 ny. Kasendele, Lusung- 
were 16.11.1950; 5 ny. Riv. Nyamakubi, Lutunguru 16.ii.1950 (G. M.); 
5 ny. Tshibaya, Bitale 20. iii. 1950 ; 35 ny. Riv. Tshinganda, Luhoho, Bunyakiri 
21 and 26.iii.1950; 7 ny. 1 sk. Ruisseau Mioshi Bitale 23.iii.1950 (G. WM.) ; 
4 ny. Ruisseau Anilu, Bunyakiri 29.ii.1950; 2 ny. 1 sk. Riv. Tshafa, aff. 
Luhoho, Bunyakiri Km. 74, 29.11.1950; 6 ny. Riv. Dagireva, Meshe 1.iv. 1950 ; 
36 ny. Riv. Luhoho, Meshe 1.iv.1950 (@. M.); 3 ny. Ruisseau Mudomba, 
affl. Luhoho, Km. 130, Meshe 2.iv.1950 ; 23 ny. Ruisseau Miezi, Meshe 3.iv. 
1950; 1 ny. Riv. Kambakulu, Uvira 9.v.1950 (G. M.); 17 ny. Riv. Luzinzi, 
Kamaniola 12.v.1950 (G. M.); 40 ny. Riv. Katwalo, Luvira 15.vu.1950 
(G. M.); 7 ny. 1 sk. Riv. Lesa, Lemera 14.vii.1950; 37 ny. Riv. Luberizi, 
Lemera 17. vii.1950 (G. M.); 10 ny. Riv. Zombe, Zombe Amont 18. vii. 1950 
(G. M.); 47 ny. Riv. Tmui, Mivuna 21. viii. 1950 (G@. M.) ; 19 ny. Riv. Mivuna, 
Mivuna 21. viii. 1950 (@. M.); 38 ny. Riv. Zizi, Bilomba 24. viii. 1950 (G@. M.) ; 
22 ny. Riv. Zubya, Bilomba, route Kamituga 24.vii.1950 (G@. M.); 16 ny. 
Riv. Luaye, Kambambare 1x. 1950 (IM. Millian). 

Kenya.—6 sk. Gura River, Nyeri 13.11.1945 (#. B. Worthington) ; 17 ny. 
1 sk. Ndarugu River, 0° 54’ §., 36° 45’ E., c. 7000 ft. 18.11.1945 (NV. Hynes) ; 
58 ny. Sagana River, Nyeri 1951 (V. D. van Someren) ; 4 ny. ditto 19.1x.1949. 

Frenco Guinea (Mt. Nimba; all collected by MM. Lamotte and Roy, 
1951.)—8 ny. Blan en amont de Blandé, petit marigot de plaine 24. vi; 8 ny. 
Mien a Bié, marigot de plaine 2. viii; 8 ny. Mien & Bié 2.vii ; 5 ny. Torrent 
4 1260 m., Zié 9.vii; 4 ny. Petit Guégué sur piste Bié 4 Gouela, petit marigot 
de plaine 14.vi; 1 ny. Oulandé sur la piste de Bié 4 Gouela, marigot de plaine 
17.vii; 8 ny. petit torrent trés rapide 4 950 m. prés du camp 4, 7.ix; 1 ny. 
Torrent affluent du Ya, 800 m. prés du camp 4, 10.ix ; 2 ny. Zié & Ziela, marigot 
de plaine 10.ix; 13 ny. Gamboué, marigot de plaine sur piste entre Zouguépo 
et Serengbara 12.ix; 2 ny. mares sur carapace sur piste de Zouguépo a Sereng- 
bara 12.ix; 1 ny. Gouan, marigot de plaine 23.xi; 4 ny. Zié, en amont de 
Ziela & 600 m. 28.xi; 6 ny. Yisoro sur piste de Zouguépo & Serengbara 1. xii ; 
23 ny. Cavally sur piste de Zouguépo 4 Serengbara 1.xii; 1 ny. 2e marigot 
du Piersé Richaud 4 600 m., no date. 

Erniop1a.— ny. Gidabo River, Irgalem, 6° 46’ N, 38° 23’ E., c. 1700 m. 
4.11.1944 (N. Hynes). 


DESCRIPTION OF NYMPH. 


The general structure of all the nymphs was found to be the same and the 
only large variations found were in size and colour. The variations in colour 
and colour pattern, which were extensive, are dealt with below, separately from 
the general morphological description. 


Size of fully ripe nymph, from tip of labrum to base of cerci, $ 94-16 mm., 10-19 mm., 
the smallest specimens were from French Guinea. 

Head wide and flattened, with a well-marked occipital ridge ; anterior ocelli absent ; 
posterior ocelli large and round ; m-line slightly raised, smoother and sometimes paler than 
the surrounding area; occipital suture distinct when crossing a dark-coloured area, but 
much less so when crossing a pale area. Mouth parts and antennae pale yellow to very 
light brown ; antennae slightly longer than the thorax in fully grown specimens ; labrum 


of Neoperla spio (Newman) 95 


transverse (fig. 1, 0); mandibles symmetrical, each with 5 teeth and a well-developed 
brush of bristles (fig. 1, P); maxillae with movable tooth and a few masticatory bristles 
on the lacinia, and a 2-jointed galea (fig. 1, @) ; labium with a wide submentum and bulbous 
paraglossae (fig. 1, R). 

Thorax wide and moderately flattened; pronotum elliptical with a distinct groove, 
front margin straight or anteriorly bowed according to position, hind margin slightly 
emarginate, 1-8—2-3 times as wide as long ; wing pads well developed in both sexes. Gills 
present (fig. 1, a); 6 pairs of double bunches of filamentous gills arranged as follows : 
one bunch above the coxa of each leg (gills C,, C, and C,) and one bunch posterior to the 
pleura of each thoracic segment (gills I, IZ and II). Legs with moderately flattened 
femora, pale yellow to light brown ; tarsi with first and second joints subequal (fig. 1, N) ; 
claws strong and slightly toothed at the base ; femoral line conspicuous because it is devoid 
of clothing hairs (fig. 1, L) and in dark coloured specimens often paler than the rest of the 
femur. 

Abdomen slightly flattened in 9, rounded in 3; segments 1 and 2 only divided into 
tergum and sternum ; sub-anal plates small and triangular, the posterior edge truncate 
(fig. 1, K), each bearing a bunch of anal gills. Cerci stout and as long as the thorax and 
abdomen in fully grown specimens, each segment with an uneven whorl of bristles. The 
sexes are distinguishable because in the 2 the posterior margin of the 8th sternum is without 
bristles in the mid-ventral line, and in large specimens a small notch may also be present 
(fig. 1, K); in the ¢ the row of bristles is continuous. 

Hairs and bristles : The entire surface of an unrubbed specimen is covered with fine 
closely applied clothing hairs, which extend all over the legs, antennae and cerci; the 
mouth parts, M-line and femoral lines are free of clothing hairs, although the mouth parts 
bear a few smali bristles (fig. 1, o-R); on the nota the clothing hairs lie in definite tracts 
(fig. 1, m). Behind the eyes, round the sides of the nota and on the posterior borders of 
the abdominal segments, except ventrally on the first 5 or 6 segments, are dense fringes of 
small bristles. The femora, tibiae and tarsi of all legs bear a posterior fringe of long 
swimming hairs ; those on the tarsi are shorter and finer than elsewhere (fig. 1, A, L and N). 


The young stages are similar in general shape, but in very small specimens 
(1-3 mm. long) ocelli are absent, and the only gills present are a single filament 
of bunch III. Ocelli first become visible in specimens 34-4 mm. long. The 
gill-bunches, as in other Perlidae, appear in a definite order, and at first are 
represented by few filaments. At 1-3 mm. only one filament of gill III is 
present ; at 24 mm. gills I, II and III are present, and each has 5-8 filaments ; 
at 34 mm. the anal gills appear, each with one or two filaments; at 4 mm. 
gills C, appear, and between 4 and 5 mm. first gills C; and then gills C,. Unlike 
the pleural and anal gills the supra-coxal gills appear first as bunches of several 
very short filaments, and not as single relatively long filaments. By 6 mm. 
all the gills are obvious, although the number of filaments in each bunch is 
fewer than in larger nymphs. Colour patterns begin to be discernible in speci- 
mens about 6 mm. long, and the sexes are distinguishable at 7 mm., at which 
size the interruption in the row of bristles on the 8th sternum of the 9 appears. 

Colour and colour pattern as opposed to general morphology, were found to 
be very variable, and to give the impression that several species were present. 
Tt can be seen, however, from fig. 1, a-J that the various colour types encoun- 
tered can be arranged in three series, which are all derivable from one basic 
type. Many intermediates between the types figured in each series occurred 
in the collections. The general colour of all specimens was dark to light brown 
above with a yellow, yellowish or brown pattern. The appendages were 
yellow, yellowish or very pale brown. 
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The basic colour pattern is shown in fig. 1, a, and from it the various colour 
types can be derived in the three following series. 

In series 1 (fig. 1, B-p) the pale areas become more and more extensive, 
until the dark areas are very reduced. No specimens paler than that shown 
in fig. 1, p were found, but many intermediates on this series were examined. 

In series 2 (fig. 1, E-G) the pronotum becomes rather darker than the rest 
of the thorax, while at the same time the dark area between the ocelli and 
behind the occipital ridge disappears. The end-product of this series at first 
sight appears strikingly different from other nymphs, but various intermediates 
occurred. This series was scarce, and was found in only five Congo collections 
(Riviéres Tmui, Mioshi, Biakobe, Mivuna and Nyamakubi) ; in all but one of 
these, however, specimens of one or both the other series and of the basic type 
occurred also. 

In series 3 (fig. 1, H-s) the pale areas become reduced, and may disappear 
altogether, except that the centre of the clypeus seems always to remain paler 
than the rest to the head (fig. 1, 1) ; at the same time the m-line and a complex 
pattern on the nota may appear faintly (fig. 1, ands). This pattern can also 
be very faintly discerned in some specimens of the other series (e.g., fig. 1, 
A, B and £), and is present in all specimens in the arrangement of the clothing 
hairs (fig. 1, mM, which is drawn from a specimen with the basic type of colour 
pattern). It seems that this pattern is somehow innate in the family Perlidae ; 
it is shown clearly in the illustrations of Frison (1935) of the nymphs of various 
North American genera. 

The specimens from any one locality tended to be of much the same general 
colour pattern, but in all the larger collections the range of pattern was exten- 
sive. In several localities almost the whole of series 1 and 3 or of series 2 and 3 
occurred, and in a few representatives of all three series were found. It seems 
very possible that the various colour types are to be correlated with differently 
coloured substrata. 


Previous DESCRIPTIONS. 


Klapalek (1912), Lestage (1916) and Barnard (1934) have described and 
figured Neoperla nymphs from Africa, and there is little in their descriptions 
to indicate that their specimens differed from some of those examined in the 
present study. 

Klapalek’s three specimens clearly belong to the basic colour type and 
colour series ] and 2 respectively. He states, however, that his dark specimen 
was “sehr flach und recht breit,’’ and gives dimensions that indicate that the 
pronotum was 2°64 times as wide as long. I have found no specimens with 
the pronotum as wide in proportion as this, but I have noted that fully con- 
tracted specimens, particularly those of colour series 3, often appear to be wider 
and flatter than extended specimens. I note also that in Klapdlek’s figure 
the pronotum is only 2-24 times as wide as long. Two of his three specimens 
were collected together. 

Lestage’s three specimens were also collected together and differ considerably 
from one another as regards colour. They all appear, however, to belong to the 
basic colour type, and colour series 3. Apart from this the three specimens 
were described as differmg only in very small characters. All were, however, 
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SCALES 


Fic. 1—Nymphs of Neoperla spio (Newman). A, whole nymph in dorsal view. B—J, various 
* colour variations (see text). K, tip of female abdomen in ventral view ; part of 10th 
sternum removed to show shape of sub-anal plate; no clothing hairs are shown. 

L, hind-femur showing distribution of hairs and bristles. Mm, metanotum showing 
distribution of clothing hairs. N, hind-tarsus. o-R, mouth parts, K-R and outlines 

of a-J drawn with a projector. Each of the lines shown in the scales represents 
1mm. (a-J from the Belgian Congo, a, B, Handi Riv. Luhoho, cand D Riv. Kakumba 

gn, Riv. Tmui, F and «, Riv. Nyamakubi, and 5, Riv. Mushuva; K-R from Sagana 


River, Kenya.) 
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stated to possess only 5 pairs of gill bunches, including the anal gills. It seems 
almost certain that Lestage overlooked the other bunches, or that he did not 
regard them as separate. ; 

Barnard’s descriptions and figures are clearly of a nymph near to the basic 
colour type. There seems little doubt therefore that all previously described 
African Neoperline nymphs do not differ in any important respects from those 
described here. , 

The nymphs of three other species of Neoperla have been described and 
figured, and it is interesting to compare these descriptions with the nymph of 
N. spio. 

Bvcsnerte sp. from Japan, as described by Uéno (1929), differs in several 
important particulars. It has, for instance, no occipital ridge, no frmge of 
swimming hairs on the legs, and the tarsal claws are armed with fine spinules 
along the inner margin. In other respects, such as mouth parts, gills, etc., 
the nymph resembles that of N. spzo. 

N. mpponensis Macl. is described by Kohno (1937) from Japan, but unfor- 
tunately in Japanese. From her figures it would appear that this species has 
an occipital ridge, but no fringes of swimming hairs on the legs or thoracic 
gills are shown. The mouth parts resemble those of NV. spio. 

N. clymene (Newman) from N. America has been very well described and 
figured by Claasen (1931) and Frison (1935), and appears not to differ in any 
important particular from N.spio. It seems also from Frison’s figures to have 
a colour range almost exactly like series 1 in N. spio. The mouth parts appear 
to be identical, and the only difference seems to be that Frison’s figure of the 
leg shows no femoral line and evenly distributed clothing hairs. The late 
Dr. Claasen very kindly gave me a nymph of this species from Kansas, and on 
this the femoral line is clearly visible. Indeed I can find no clear difference 
between this nymph, which is a very pale specimen like that shown in fig. p, 
and the African nymphs. It has, however, slightly longer gills, and rather 
more femoral bristles. But, as with the adults (Hynes, 1952a) I have, with the 
material available, been able to find no good character on which to separate 
N. spio from N. elymene. 


EcoutoagicaL Notes. 


Practically no information about the ecology of N. spio has been published, 
although there are indications that the flight period is the rainy season (Hynes, 
19526). The nymphs seem only to be found in fairly rapid stony streams, 
and the species does not occur at very high altitudes (Hynes, 1952a). Nymphs 
have, however, been found as high as about 7000 ft. (c. 2100 m.). 

As I have had the good fortune twice to find the nymphs in the field it 
seems worth while setting down what I was able to observe about their natural 
habitats. 

The Gidabo River, Ethiopia, is, at about 1700 m., a stream about 3 m. 
wide and 10-20 cm. deep, flowing through a very deep wooded valley. The 
banks are covered with lush vegetation. At the point examined it is slow 
flowing and silty except for one small rapid, where the bed is clean gravel. 
Nymphs were found only amongst the gravel of the rapid, and appeared to be 
absent from the silty reaches and the emergent vegetation. No nymphs were 
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found in several generally similar stony streams near Addis Ababa at altitudes 
between 2500 and 3000 m., although I searched often and diligently for them. 

_ The Ndarugu River, Kenya, is at about 2100 m., a small stream about 2 m. 
wide, and up to 50 cm. deep, flowing through a steep-sided but open valley. 
The bed is rocky and stony, and rapids alternate with rather silty pools. Nymphs 
were found only under stones in the rapids. They were absent from silty places 
and vegetation. At alower altitude, c. 2000 m., the nymphs were more common 
than at the higher station. In February specimens of all sizes were found, the 
smallest being 1-3 mm. long ; one cast skin was also found, indicating that the 
adults were emerging. It is clear, therefore, either that development of the 
nymphs takes a long time, or, more probably, that the flight period is long. 
The flight period is known to extend over several months (August to December, 
the first half of the rainy season) in the Pare National de l’Upemba in the Belgian 
Congo (Hynes, 1952). 

When kept in still water the nymphs performed the jerky, rhythmical, 
Imee-bend movements, which are so characteristic, under the same conditions, 
of Perlidae and Perlodidae, in Europe. I was unable to keep them alive in still 
water for more than two or three days. 

The contents of the crop (fore-gut) of eleven nymphs from the Sagana 
River, Kenya, were examined. Three were empty, but the other eight were 
full of animal remains, and no plant material was present. Amongst the animal 
remains Chironomid larvae, Simulid larvae and Ephemeropteran nymphs 
were identified, and there was also a considerable amount of broken up chitinous 
material which was probably of insect (? Ephemeropteran) origin. It would 
seem from this limited investigation that the nymphs are largely, if not entirely, 
carnivorous. 
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NOTES ON THE BIOLOGY OF CORANUS SUBAPTERUS DE GEER 
(HEMIPTERA : REDUVIIDAE). 


By H. R. Watzace, Ph.D., F.R.E.S. 
(Department of Zoology, University of Liverpool.)* 


THE favourite habitat of this bug in the Formby district near Liverpool is sand- 
dune in an early stage of plant colonisation. Butler (1923) has given a general 
account of this species. 

Details of the life-cycle, feeding habits, mating behaviour and alary poly- 
morphism of Coranus subapterus in four isolated sites (A, B, C and D), have 
been studied. The sites were in varying stages of plant colonisation. 


PoPpuULATION STUDIES. 


In order to give some idea of the abundance of C. subapterus in the Formby 
district, the numbers of adults in two of the sites (B and D) were estimated by 
a marking method (Ford, 1945). Fifty adults were collected in each site. Each 
individual was marked with a spot of white cellulose paint on the dorsal surface 
of the abdomen; this did not interfere with movement, and in individuals 
reared in the laboratory the spots were still distinct after five weeks. The 
marked adults were then released in the centre of their own area and seven days 
later a random sample of adults was collected from each locality. The size 
of the population may be estimated from the following relationship : 


Number in the population Number in random sample 
Number of marked adults = = Number of marked adults in random sample 


The results are given in Table I. 


Tasie I.—The Estimated Numbers of Adulis of C. subapterus in Two Sites (B 
and D), in the Formby District. 


Station. 
SS een 
B D 
(surrounded by (surrounded by 

Salix and Pine). Pine). 
Area of site habitable by Coranus (sq. metres) . : 229 : 214 
Number of marked adults . : : é . : 50 - 50 
Number of adults in the random sample. ; : 60 ¢ ~ 50 
Number of marked adults in the random sample . ‘ 10 : 16 
Estimated size of the population ; Sie : 300 * 156 
Estimated population density (Nos. per sq. metre) 7 1:3 : 0-7 


Foop REtLatrions. 


_ The nymphs and adults are most active on hot sunny days ; during rain or 
high wind they shelter under moss, pine slash and bark of pine stumps. The 


* Now at School of Agriculture, University of Cambridge. 
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adults have been observed to pursue and attack their prey, which is pierced 
with the proboscis and carried around until sucked dry. Butler (1923) has 
listed the recorded prey. To this list may be added Elaterid larvae, Forficula 
aurwularia nymphs, Coelocrabro ambiguus, Lasius niger, Myrmica laevinodis, 
Ichneumons and a Lycosid spider. The nymphs have been observed to feed 
on Melanimon tibialis. 


Martine BEHAVIOUR. 


Copulation occurs in September and early October. Four mating positions 
have been observed in the field (fig. 1). Positions A and B, with a single male 
lying laterally to the female are the most prevalent. Several instances of 
females carrying two males (C) have been observed. Both males copulate with 
the female at different times. Position D with the male lying dorsally to the 
female has only been observed twice. In all cases the male grips the female 
with all of its legs, his proboscis rests at the base of her head, and the male 
antennae are motionless. 


THe Lire History. 


The eggs are laid singly or in batches of two to seven, on plants, bark of 
stumps, pine slash or in cracks in the lichen and moss. The eggs are dark 
brown with a cream-coloured sculptured cap. Oviposition has not been ob- 
served in the field, but in the laboratory it occurs at night within 48 hours of 
mating. The eggs are laid during September and October, and they overwinter 
in this stage. Butler (1923) states that Coranus adults sometimes hibernate in 
the winter and appear again about March. No adults were found from Novem- 
ber, 1951, to June, 1952, in the Formby district. 

The eggs hatch from late April to early May. The nymph is visible inside 
the egg and at the time of eclosion it can be seen to move towards the cap. The 
head and thorax swell, forcing off the cap, which swings back on a hinge. The 
nymph takes from one to two hours to vacate the egg ; on eclosion it is bright 
red and the abdomen is shrunken. It remains quite stationary for three or 
four hours while the body darkens and the abdomen swells. The nymphs then 
become active and move away from the egg. 

Observations in the field show that there are five nymphal instars. The 
approximate times of occurrence of each instar in the Formby district in 1952 
are indicated in Table II. 


Taste Il.—Approximate Times of Occurrence of the Nymphal Instars of C. sub- 
apterus in the Formby District in 1952. 


Instar. Date first Date last Approximate duration 
recorded. recorded. of appearance (days). 
d 25th April : 6th May : 12 
2 4th May : 20th May : 17 
3 16th May : 2nd June ; 18 
4 25th May é 18th June : 25 
5 é 16th June : 12th July : 27 
Adult : 5th July : — : — 


Apart from size, the chief external differences between the instars are asso- 
ciated with wing development and changes in form of head and thorax (fig. 
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}O mm. 
Fie. 1.—Four mating positions of Coranus subapterus. 


2 a-F). The wing buds do not appear until the fourth instar (p); in the fifth 
instar (=) they have developed further. There is little increase in wing length 
at the final ecdysis, but the corium and membrane of the fore wing are now 
visible (r). The head becomes progressively smaller, and the pronotum pro- 
gressively larger in proportion to the rest of the body at each ecdysis. In the 


last nymphal instar there is a suggestion of ocelli, but they are fully developed 
only in the adult. 
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Fic. 2.—The six instars of C. subapterus. The approximate length of each instar is as 
follows: 1,2-5mm.; 2,3-5mm.; 3,5mm.; 4,6-5mm.; 5,8 mm. ; 6, 10-5 mm. 
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ALARY POLYMORPHISM. 


The literature on alary polymorphism deals mainly with the aquatic species. 
Jeannel (1925) has described the association between apterism and insular 
insects. Esaki (1926) has contributed a short note on alary polymorphism in 


Fic. 3.—Adult wing types of CO. subapterus. a, short winged ; B, intermediate winged ; 
C, long winged. 


Aradus. Parshley (1929), Larsén (1931, 1932), Trukhanov (1939) and Ekblom 
(1941) have given accounts of alary polymorphism in the Hemiptera, and Kalmus 


(1945) describes the association between the possession of wings and ocelli in 
the Insecta. 
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In the Formby populations, long, short and intermediate wing forms of 
Coranus subapterus occur (fig. 3).. An analysis of the wing length frequency 
distribution of a sample from the four sites (see page 108 for description of sites) 
revealed two groups, which could be termed brachypterous and macropterous 
(fig. 4). The wing margins are irregular in the brachypterous forms and the 
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Fig. 4.The wing length frequency distribution of adult OC. subapterus. In individuals 
below 8-7 mm. in body length the right and left wing length frequencies are plotted. 
In individuals over 8-7 mm. in body length the right and left wing lengths coincide. 
— — — — right wing; ------- left wing ; ——————— right and left wings. 


venation of the apical margin is less distinct than in macropterous individuals. 
The wings in all the macropterous forms examined were symmetrical. In the 
majority of brachypterous forms either the right or the left wing may be shorter. 
In a sample of 290, the wings of 217 were asymmetrical. The asymmetry 
appears in several ways. There are individuals with a relatively long left 
wing and a short right wing and the mirror images of these, and there is a series 
of symmetrically winged forms. 
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In order to investigate the variation in body and wing length and the rela- 
tionship between body length and sex, 96 brachypterous individuals from a 
single population (Station B) were collected. The lengths of the left and right 
wings (apex to point of insertion with the thorax) and the body lengths (base 
of rostrum to the tip of abdomen) were measured. The mean wing and body 
lengths (m) with their standard deviations (7) and coefficients of variation 
(Vee ee were calculated for each sex. There were 38 males and 58 females 
in the sample (Table ITI). 


TaBLE III.—The Variation in Body Length and the Relationship between Body 
Length and Sex in C. subapterus Adults. 


Body length Length of left Length of right 
(mm.). wing (mm.). wing (mm.). 
Males. Females. Males. Females. Males. Females. 
M 5 9-0 9-9 meen: 5-2 5:5 5:2 5-4 
fo} : 0-32 0:36 : 0-60 0-65 3 0-71 0-57 
a 3°6 3°7 : 11-6 iter; 13-7 10-6 


It is evident that the females are larger than the males, that the mean length 
of both wings is more variable than mean body length in both sexes, and that 
there is no significant difference between the mean lengths of the left and right 
wings in both sexes. 

In order to investigate the relationship between the wing and body length 
in the brachypterous forms, adults were collected from all four stations. Their 
wing and body lengths were then measured. When the data are tabulated by 
body length, and the values for mean wing length are plotted against body 
length for each sex, curves are obtained (fig. 5, left wing only), which show that 
with increasing body length there is a corresponding increase in wing length. 
The relationship is not linear, and it is probable that wing growth is heterogonic 
(Huxley, 1931). Macropterous forms are too rare in the Formby populations 
for a similar biometrical analysis. 

Leston (1951) has described the distribution of the macropterous form of 
C. subapterus in Great Brtiain, and he states that only eleven individuals were 
recorded from 1850 to 1951. During September and October, 1951, 17 macrop- 
terous adults occurred in a total of 403 specimens of C. subapterus collected 
from the four stations in the Formby district (Table IV). 


TaBLe IV.—Macropterous and Brachypterous Adults of C. subapterus in Four 
Sites in the Formby District. 


Station . . : , : AX B C D Totals. 
Number of macropterous forms . 5. ee 9 0 on 17 
Number of brachypterous forms . 94 91 83 TiS 386 


Collections from moorland (Thurstaston, Cheshire) did not contain any 
macropterous forms ; other local entomologists have also failed to find them 
there. It would be interesting to investigate whether macropterous forms are 
more common in or confined to sand dune localities in other parts of the country. 
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The macropterous forms are not confined to the southern part of the species 
range in Great Britain, as suggested by Leston (1951), but can occur as far 
north as Lancashire (Wallace, 1952). 


THe Hapirat. 


A study was made of the areas inhabited by Coranus, and it soon became 
clear that the characteristic feature of its distribution was its occurrence in 
isolated areas. The habitat consists of sand on which lies lichen (Cladonia) and 
moss (Ceratodon and Tortula). There are small clumps of Carex arenaria, Salia 
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Fig. 5.—The variation in wing length (left wing only) with body length of males and females 
of brachypterous forms of C. subapterus. 


repens or Rubus caesius and occasional Senecio jacobaea and EHrodium cicu- 
tarium, and pine stumps and pine slash litter the area. The climate in this 
environment is dry, temperatures as high as 50° C. have been recorded at sand 
level in the summer. Many other arthropods live in these areas. Coranus 
has never been observed to wander beyond the boundaries of these isolated 
localities, nor has it been found in the surrounding areas. Thick vegetation, 
pine forest and bare sand form effective barriers to dispersal. 

Bare sand patches occur in felled areas where the pine needles are blown 
away or buried by sand, and near the coast, sand carried by onshore winds 
buries the vegetation on the landward side of the dunes. Generally the first 
plant coloniser of all areas is Willow-herb (Epilobium angustifolium). In later 
stages plant succession culminates in the dominance of Carex or Salva or, less 
frequently, Rubus. The early phase of all these successions are favourite 


habitats of Coranus. 
In the sand-dune localities Coranus habitats are continually being created 
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and occupied and continually becoming unsuitable by growth of vegetation. 
On open moorland heather is the climax formation and only bare patches are 
suitable for Coranus. These patches are stable compared with the changing 
conditions on the sand dunes. aye 

Nearly all the macropterous forms found in the Formby district were col- 
lected from the Stations A and B, which appeared to be in an earlier phase of 
plant succession than Stations C and D. In order to investigate a possible 
relationship between plant succession and the presence of macropterous forms 
it was necessary to estimate the areas in each station which were in the following 
stages : 


1. Early stage—sand, plus Epilobium ; not inhabited by Coranus. 

2. Intermediate stage—moss, lichen, Salix, or Carex or Rubus occasional ; 
inhabited by Coranus. 

3. Late stage—Salix or Carex or Rubus thickened and dominant ; not 
inhabited by Coranus. 


The results are indicated in Table V. 


TasLE V.—Stages of Plant Succession in the Four Stations. 
Stages of plant succession. 


=> ieee 

Station. Is 2. 3. 

A 34 48 18 

Percentage of the total area of the } B ; 83 15 2 
stations ‘} C : 5 7 88 

t =D 25 20 55 


From these data is it evident that Stations A and B are in an early phase, 
whilst C and D are in a late phase of plant succession. 

If Table IV is arranged in the form of a contingency table (Table VI) and 
the value of x? is calculated, then it is possible to test whether the association 


Taste VI.—Contingency Table of Stage of Plant Succession and the Presence of 
Brachypterous and Macropterous Forms of C. subapterus. 


Stations A and B ; Stations C and D ; 
early stage of late stage of 
succession. succession. 
Numbers of { Brachypterous : : , 185 . 201 
individuals \ Macropterous : : 2 15 5 2 


between the stage of plant succession and the presence of macropterous forms 
is significant. The number of degrees of freedom is one ; x2 = 10-582; p<-01, 
indicating that the association is significant. The statistical analysis does not 
contradict the hypothesis that macropterous forms occur mostly in sand-dune 
areas in an early phase of plant succession. 


Discussion. 
Larsén (1931 and 1932) has shown that environmental factors affect wing 


length in the water bug Aphelocheirus aestivalis. He gives experimental evi- 
dence that adults emerging from water with a high oxygen content have longer 
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wings. Hkblom (1941) suggests that changes in the relative proportions of the 
different wing forms of Gerris asper may occur under influence of climate and 
other external factors. He states that his experiments suggest that the solution 
is of a genetical nature, but emphasises that each occurrence of wing variation 
1s a separate problem peculiar to the species. Poisson (1942) and Kalmus (1945) 
conclude that alary polymorphism is probably of a genetical nature, but that 
environmental factors may determine the appearance of the various forms. 

Brown (1951) has shown that aquatic insects which inhabit temporary 
habitats (small ponds, ditches) migrate more than aquatic insects inhabiting 
permanent habitats (lakes, large ponds, rivers). Brown further states that those 
species of Corixidae whose migration rate is restricted by brachypterism are 
also confined to permanent habitats. The present study on Coranus indicates 
that there is a similar association between wing form and the type of habitat, 
the presence of macropterous forms being associated with the changing environ- 
ment of the sand dunes. <A study of the population numbers, the occurrence 
of the wing forms and the sequences in the changes of the habitat over several 
generations may yield information on the nature of the alary polymorphism in 
Coranus. Similar field studies may be of value for aquatic Hemiptera, espe- 
cially those inhabiting ponds which undergo a floral succession, or which are 
hable to dry up (see Popham, 1952). 


SUMMARY. 


1. Isolated populations of Coranus subapterus de Geer occur commonly on 
sand dunes in various phases of plant colonisation in the Formby district near 
Liverpool. The number of adults in two such populations was estimated. 

2. A list of prey is given. 

3. The mating behaviour and life history are described. 

4. Alary polymorphism is discussed, and the different wing forms are de- 
‘scribed. Seventeen macropterous forms occurred in a total of 403 adults 
collected from four stations. 

5. The habitat of Coranus is described. The presence of macropterous 
forms is associated with the changing environment of the sand dunes—no 
macropterous forms were found on moorland. In the Formby district macrop- 
terous forms are most common on sand dunes in an early phase of plant colonisa- 
tion. 
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LARVAE OF THE BRITISH TRICHOPTERA.—38. 
Dye Ne EtcKktn,, Phe ok Rhea: 


Athripsodes bilineatus L. (Leptoceridae). 


Durine each of the past three years I have observed a swarm of adults of the 
Caddis fly Athripsodes bilineatus L. towards the end of July at the Nutfield 
Stream, Surrey, where I have collected Tinodes pallidula McL. It was not, 


Fies. 1, 2.—Athripsodes bilineatus L. (1) Side view of adult. (2) Larva in case. 


however, until June of 1952 that found the larvae. Nine larvae that I collected 
were distributed over about thirty-five yards of stream, where they were 
crawling up the sides of stones over which the water was moving rapidly, 
Mosely considered this species to be very local in Britain. In view of Ulmer’s 
note that this species inhabits fast clear streams, more usually in mountains, 
it is interesting to record that the Nutfield locality is only some 200 ft. above 
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Fias. 3-7.—A, bilineatus. (3) Head and thoracic nota, dorsal view. (4) Head from the 
front. (5) Head from beneath. (6) Free sclerite on coxapleurite and coxa of pro- 
thoracic leg. (7) Sclerite on lateral abdominal protuberance. 
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sea level. Four of the larvae were reared to the adult stage and the identity 
confirmed by Mr. D. E. Kimmins. A drawing of one of the adults is included. 


Larva.—Somewhat like Leptocerus aterrimus Steph. Pro- and mesonotum sclerotised, 
the latter very slightly larger than the former. Length 8-9 mm., width 1-3-1-4 mm. 
Case of light coloured sand-grains (considerably lighter in colour than those of other species 
inhabiting the same locality), conical and curved (fig. 2). Length about 12 mm., width 
about 2 mm. at wider end. Head orthocentrous, golden yellow with greyish brown mark- 
ings as in fig. 4. Ventral surface of genae greyish brown, devoid of spots. Gular sclerite 
triangular with genal sutures concave, dark greyish brown. Mazillary palps dark in 
colour. Pro- and mesonotum golden yellow, slightly lighter than head, and devoid of dark 
marks except for hook-shaped pair on hind margin of mesonotum. Free sclerite on coxa- 
pleurite of prothoracic leg supports a bristle and black lower margin forked. Abdomen 
creamy white, sometimes of pinkish hue. Sclerite on lateral abdominal protuberance 
hook-shaped and not forked and bears one bristle at its apex. Anal sclerite not distinguish- 
able and not marked. 


SUMMARY. 


The larva of Athripsodes bilineatus L. is described and figured and a figure 
of the adult is given. 
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LARVAE OF THE BRITISH TRICHOPTERA—39. 
By N. E. Hicxm, Ph.D., F.R.ES. 


Mystacides longicornis L. (Leptoceridae). 


On 30th May, 1952, at 7 p.m. I visited the Bournville Yachting Pool, Birming- 
ham, which has been a fruitful source of the Caddis Molanna angustata Curt. 
(1946, Proc. R. ent. Soc. Lond. (A) 21: 55), and there I found adults of Mysta- 
cides longicornis L. flying strongly in many thousands. My identification 
was kindly confirmed by Mr. D. E. Kimmins. The larvae were present in large 


Fies. 1-2.—Mystacides longicornis L. (1) Side view of adult (length of 
anterior wing 9 mm.). (2) Larva in case. 


numbers, crawling up the vertical algae-covered concrete sides of the pool. 
Vertical seams in the concrete were utilised by the larvae as a site for pupating, 
the cases being fixed by their hinder (narrower) ends. 

This Caddis is the “‘ grouse-wing” of the Fly Fisherman and I include a 
drawing of it. It should be noted that no trace of the dark bands can be 
seen in rubbed specimens. 


Larva.—Much like Mystacides nigra L. and M. azurea L., differing, however, as follows : 
Head (fig. 3) more heavily marked in black than in M. azurea but not so heavily marked as 
in M. nigra in the region of the vertex of the clypeus, and the black transverse band on the 
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oral end of the clypeus in the latter insect is replaced by four small black spots in the 
present species. On the ventral surface of the genae are about five black spots on each 
side at the aboral end (fig. 4), and the marking of the pro- and mesonotum is more heavy 
than in M. nigra, although resembling it (fig. 5). Lateral sclerite of first abdominal segment 
rather more strongly curved behind than in the two compared species (fig. 6), and it should 
be noted that the spines project anteriorly, not as might be understood from my figure of 


Fics. 3-6.—Mystacides longicornis L. (3) Head from the front. (4) Head from 
behind. (5) Thoracic nota. (6) Lateral sclerite of first abdominal segment. 


this sclerite in M. nigra L. Gills present on second to seventh or eighth abdominal segment, 
Length 11-12 mm., width 15mm. Length of case 15 mm., width 2 mm. 


A convenient key for differentiating the larvae of the three British species 
of Mystacides is as follows : 


1. Heavy black bands on genae bordering clypeus and large black mark 
inemicdleromanesonopuin wwe. se. “fe i Me 8 te Les 2 
— Black band on the genae bordering only the oral half of the clypeus, 
black marks in middle of mesonotum very small . . . . . azurea L, 
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2. About five black spots present on ventral surface of genae on each side 
of gular sclerite at aboral end. Gills present on the second to the 


seventh or eighth abdominal segments' . . . longicornis L. 
- Black spots absent on ventral surface of genae. ‘Gills present on the 
second to fourth abdominal segments. . . . of aan) eee LETS che 
SumMMaRY. 


The larva of Mystacides longicornis L. is described and figured and a key 
for the identification of the larvae in the genus Mystacides is given. A figure 
of the adult of I. longicornis is included. 


REFERENCES. 


Hicxiy, N. E., 1943, Larvae of the British Trichoptera.—13 : Mystacides nigra L. 
Proc. R. ent. Soc. Lond. (A) 18 : 69 

—, 1952, Caddis. London. PI. IV. 

MacponaLp, W. W., 1950, The Larvae of Mystacides azurea L., etc. Proc. 
R. ent. Soc. Lond. (A) 25: 19. 

Mosety, M. E., 1939, The British Caddis Flies ; 163. London. 

Rousseau, E., 1921, Larves et Nymphes Aquatiques des Insectes d'Europe ; 617. 
Bruxelles. 

Srztaa, A. J., 1906, Acta Soc. Fauna Flora fenn. 27 : 71. 

THIENEMANN, ‘Ay 1905, Zool. Jb. (Syst.) 22 : figs. 75-78. 

Umer, G., 1903, Uber die Metamorphose der Trichopteren ; 105. Hamburg. 

——, 1904, Allg. Z. Ent. 9 : 261. 


Ly 


STUDIES IN DIURNAL RHYTHMS. IV. PHOTOPERIODISM 
AND GEOTAXIS IN TENEBRIO MOLITOR U.. 
(COLEOPTERA: TENEBRIONIDAE), 


By J. L. Choupstry-THompson, M.A., Ph.D., F.R.ES., F.LS. 
(Department of Zoology, University of London, King’s College.) 


1. InTRopUCTION. 


Iv has long been known that mealworm beetles, Tenebrio molitor L., are noc- 
turnal in habit and frequent dark places, breeding in refuse grain, coarse cereal 
and mill products that accumulate in dark corners, under sacks, in bins and 
in similar places where they are not often disturbed (Cotton and St. George, 
1929). In the laboratory the insects quickly buried themselves when the lid 
of a large tin containing mealworms cultured in bran was removed so as to 
admit light. When the lid was removed permanently the number of adult 
and larval beetles on the surface of the bran increased considerably at dusk 
and during the night. This observation suggested not only that the insects 
were negatively phototactic, but that they might also be negatively geotactic, 
because they came to the surface when the culture was in darkness. Since 
the responses of insects to gravity have not been investigated to the same 
extent as their responses to light, temperature and humidity, it seemed worth 
while enquiring more closely into their reactions to this factor of their 
environment. 

There is a considerable literature on the behaviour responses and sensory 
physiology of Tenebrio. Crozier (1924) has shown that the larvae are posi- 
tively thigmotactic, and Michal (1931a) found that in large cultures the larvae 
became grouped in aggregations within which the temperature was higher than 
that of the air immediately above the culture surface, possibly as a result of 
the metabolic activity of the clustered larvae plus heat conservation brought 
about by the insulating properties of the medium (see discussion by Allee e¢ al., 
1949). Michal (19316) showed also that there is a daily oscillation in the oxy- 
gen consumption of mealworm larvae which reaches a maximum during the 
night when the insects are most active. The olfactory sense of the adult 
beetles has been analysed in detail by Valentine (1931), who demonstrated 
that scent is employed in locating food and other individuals of the specie, 
and that the males are attracted to the females by the same sense. The anten- 
nal peg organs were shown to be olfactory sensillae, while the peg sensillae on 
the palps probably have a gustatory function. Pielou and Gunn (1940) found 
that the adult beetles tend to collect in regions having a low relative humidity : 
Pielou (1940) showed that the pit organs on the antennae are probably the recep- 
tor organs for the response, and Gunn and Pielou (1940) found that the reaction 
resulted from a combination of a klinokinesis and a klinotaxis. More recently, 
Dodds and Ewer (1952) have discovered that, not surprisingly, desiccated 
beetles show a preference for moist air. The humidity reactions of the larvae 


PROC. R. ENT. SOC. LOND. (A) 28. prs. 10-12. (DEC. 1953). 4 


118 Dr. J. L. Cloudsley-Thompson’s studies in diurnal rhythms. 


have not previously been investigated. However, in preliminary experiments 
by the writer (unpublished) no response to humidity differences of 50 per cent. 
and 100 per cent. were noted in normal larvae in a choice-chamber of the type 
employed for investigating the responses of millipedes and woodlice (Cloudsley- 
Thompson, 1951, 1952), even when some bran was present in the arena. Moist 
bran, however, caused death within a few hours (cf. Buxton, 1930). 

In the experiments described below, adults of both sexes and large larvae 
were used. Except where stated to the contrary, fresh dry bran at room 
temperature and humidity was employed. The insects were cultured in bran 
which was mixed with rat cake ground to a powder to provide additional fat 
and protein (Hein, 1920). 


II. DrurnaL RuaytTHM. 
(a) Visual Expervments. 


In order to demonstrate a diurnal periodicity in the proportion of adult 
and larval beetles on the surface of the bran in which they were cultured, a 
large crystallising dish containing 20 adults and 20 fully grown larvae was 
examined at three-hourly intervals over periods of ten days, and the number 
of insects on the surface noted. At the same time the light intensity on the 
surface of the bran was estimated by means of a Weston Master IT photo- 
electric meter and the temperature and relative humidity measured with wet 
and dry bulb thermometers. The results of three series of experiments each 
lasting ten days: the first in sunny weather, the second in cloudy weather 
and the third carried out in constant darkness except for brief moments of 
inspection, are summarised in Table I. This indicates clearly the inverse 
relationship between light intensity and the number of adult beetles on the 
surface of the bran. The rhythm was less striking, however, in the case of 
the larvae; but there was some indication of its presence particularly on 
sunny days. 

In order to determine whether or not certain individuals tended to come to 
the surface more than others, 20 adults and 20 larvae were marked on their 
dorsal surfaces with spots of cellulose paint in different positions, so that rapid 
identification of individuals was facilitated. They were inspected at three- 
hourly intervals as before, and some of the results obtained are given in Table 
II. These indicate that, whereas certain adults do spend the majority of the 
time on the surface of the bran, even when exposed to daylight, individual 
larvae appear only at infrequent intervals. It has been claimed that larvae 
tend to come to the surface just before pupation (Cotton and St. George, 1929), 
but this point has not been investigated here. Certainly some of the larvae 
pupated shortly after the experiments, but others did not do so until many 
weeks later. 


(b) Aktograph Experiments. 


The diurnal rhythm of movement and rest in individual Tenebrio molitor 
adults and larvae was investigated by means of an aktograph kindly lent to me 
by Dr. D. L. Gunn and described by Gunn and Kennedy (1936). This was 
modified so that it could be placed in a large incubator where light and tempera- 
ture were artificially controlled (Cloudsley-Thompson, 1952). Although a few 
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TABLE 1.—Percentage of Tenebrio Adults and Larvae on the Surface of Bran in a 
Crystallising Dish. Counts were made at intervals of 3 hours over periods of 
10 days. A. Exposed to natural daylight on sunny days. B. Exposed to 


natural daylight on cloudy days. C. In constant darkness. Further explana- 
tion vn the text. 


Time- 3. 6. w). 12. 15. 18. 21. 24, 
Adults. ; . 50 28 12 4 14 27 43 46 
a Larvae Men ets o © 3 1 1 4 2 1 4 
Light intensity . o 7 190 ~~: 1600 100 40 0-1 0 
Temperature aGs - 15°0 15°0 20-5 24-0 23-0 22-0 20-0 17-5 
Relative humidity %. 65 65 55 40 45 55 50 50 
Sunny days. 
Time 3. 6 9 12 15. 18. 21 24 
Adults. ; > Gi 33 36 42 44 44 59 56 
B Larvae ; 5 3 3 4 4 4 4 4 
Light intensity . 0 f 127 67 51 23 0-1 0 
Temperature ° C. - 4-5 13-5 19-0 19°5 20:0 19:0 16-5 15-0 
Relative humidity %. 65 60 50 45 40 40 45 55 
Cloudy days. 
Time 3. 6. 9 12. 15. 18. 21. 24, 
Adults 2 : 5. tell 81 73 78 82 78 78 75 
C Larvae. ; ols 7 10 8 8 7 8 11 
Light intensity . pee : ‘ ; : : ; : 
Temperature ° C. o lee BW ae) ate) = AD) BAe) BADol) ods} 
Relative humidity %. 60 60 60 60 60 60 60 60 


Darkness. 


individual adults and larvae showed a marked diurnal rhythm of locomotion 
and rest, others exhibited maximum activity over long periods in the in- 
cubator, whilst the majority showed little demonstrable movement under 
the conditions of the experiment. Nevertheless, the satisfactory results 
obtained, some of which are reproduced as histograms in fig. 1, mdicated 
that a composite diurnal locomotory rhythm occurs in this species. 

The rhythm persisted in constant darkness but was inhibited by artificial 
illumination at night ; while a short period of darkness during the day some- 
times induced considerable locomotory activity (fig. 1a). The endogenous 
component of the rhythm is well illustrated by fig. 1c which shows an artificially 
induced 24-hour periodicity persisting during alternating periods of nine hours 
of light followed by nine hours of darkness. Regularly fluctuating temperature 
did not induce a rhythm (fig. Lp) as described in the spider beetle, Piinus tectus 
Boield., by Bentley, Gunn and Ewer (1941). 


III. Responses To Licur. 


Adult and larval Tenebrio molitor are markedly photonegative and, in their 
normal environments, avoid the light. After beg kept in bright light the 
response tends to disappear for a while, but adults removed from the darkened 
culture were sensitive to light so faint that it was not recorded on the photo- 
electric meter. Tucolesco (1933) has demonstrated a dermal light sense in 
mealworm larvae which avoid the light even after decapitation. 
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Tasue I1—Appearance on the Surface of the Bran in whach they lived (at intervals 
exposed to Daylight and Darkness 


Date. 


lith Aug., 1952 


12th Aug. 
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17th Aug 
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of 3 hours) of 20 Marked Adult and 20 Marked Larval Tenebrio. At first 
and later in Constant Darkness. 


Temperature 
——— 
Totals. Wet Dry 
Larvae.— - °C. °C. 
— eae ——, Adults. Larvae. Light. bulb. bulb. 
ten fe: 7 3 200 64 71 
. 10 1 50 63 70 
: 8 1 30 64 71 
3 . ll 0 0-1 63 68 
Pl i 10 3 0 63 «67 
| 12 1 0 62 66 
: 10 0 13 63 67 
' if 1 200 65 783 
1 il 1600 65 78 
is c 5 0 150 64 75 
. Pape 7 ) 50 62 vies 
2 oe # 9 0 0-1 60 68 
; Ga 12 2 0 60 64 
CA ar 0 0 1600 63 76 
fF 0 0 100 63 73 
oat 3 0 40 62 q2 
—_ Fr 10 0 0-1 61 69 
= 6 1 0 57 63 
a | 8 1 Oieie 57 64 
é é 5 0 13 56 61 
5 ie 5 0 75 60 65 
a 4 5 0 300 63 70 
4 : | 4 1 75 62 70 
Oe eB eG iS FB Soe 3 0 40 64 69 
te ey I ee 9 0 0-1 59 64 
Seen mere ae Saeed ll 3 ODS GS 
eel lee ee Stee et <0. 20: 0) £0" 7.0.0.4 178 19 
Darkness. 
=, 
| os) SEE 8 ered Oe eee 3 63 «67 
ie ee. 13 0 62 66 
| 15 1 63 68 
| 14 2 64 68 
fu, 15 1 64 69 
10 1 63 68 
| l 13 3 62 67 
| | 10 2 62 67 
| 15 1 61 66 
15 0 61 66 
| 12 1 61 66 
l 16 1 60 66 
i183 0 61 67 
11 0 61 68. 
| ll 1 61 67 
al 13 2 60-66 
oo Ome eel ert elt O00 1 ik ik hack. ai ah ee) 19 
ae Oem? wee 2 TS el i Ms ae a” ea a axon 38 
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When the eyes of adult beetles were covered with cellulose paint, however 
no response to light was obtained. If one eye was covered the animal turned in 
a circle or loop towards the darkened side, and when illuminated horizontally 
followed the paths shown in fig. 2. Hence the response of adult mealworm 
beetles combines an element of photokinesis with typical negative tropotaxis. 


ee 
Xe Xn X 
B A C 
Direction ) 
of light 


Fie. 2.—Reactions of Tenebrio molitor adults to horizontal light. a. Tracks followed by 
normal adults. When they had reached the point «, the light was moved to X. 
B. Tracks of adults blinded in the left eye. c. Tracks of adults blinded in the right 
eye. 


IV. Responses TO GRAVITY. 


The responses to gravity of Tenebrio molitor adults and full-grown larvae 
were investigated, using a modification of the method employed with millipedes 
(Cloudsley-Thompson, 1951). The apparatus consisted of five sections of 
metal tubing each measuring some 5 cm. in length and 5 cm. in diameter (fig. 3). 
Placed one on top of the other and filled with bran or some other material, 
they formed a column 25 cm. high, around which was placed a metal sleeve 
to prevent it from fallmg. Choice chamber experiments with a petri dish 
divided into two by means of a glass rod across the centre and each half filled 
with a different substance, indicated that well-fed adults and full-grown larvae 


Fic. 1.—Analysis of aktographs records showing diurnal rhythm of movement and rest in 
Tenebrio molitor. Ordinates : activity on the left, temperature and relative humidity 
on the right. Abscissa: time in days. The black strips represent 12-hour periods 
from 18.00 to 06.00 hours. A. Periodicity of an adult in normal daylight and dark- 
ness at room temperature and humidity. Later in constant darkness, then illuminated 
at night. Note the effect of three hours darkness during the day. 8B. Periodicity of 
a full-grown larva under somewhat similar conditions. c. Persistence in an adult of 
artificially induced 24-hour periodicity under constant conditions and later during 
nine hours of light followed by nine hours of darkness. D. Absence of rhythm in an 
adult in constant darkness with regularly fluctuating temperature. 
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show no preference for fresh bran, contaminated bran, sieved frass or sawdust 
when various combinations of these were offered. All the gravity experiments, 
however, were carried out using fresh bran to ensure standardisation. 

The contents of the column could be separated into five compartments by 
means of thin card slid between the metal sections of tubing. At the outset 
of each experiment, 25 adult and 25 larval beetles were placed in one of the 
compartments. After a time the compartments were separated and the number 
of insects in each was counted. 

In this way it was shown that there is a tendency for adults and full-grown 
larvae to migrate upwards in the column. The results of 60 overnight experi- 
ments (from 18.00 to 10.00 hours) using bran, bulb-fibre and rat cake as media, 
are summarised in Table III and fig. 4. From these it can be seen that 90 per 
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Fic. 3.—Diagram of gravity apparatus. Left: gravity cylinder. Right: glass-sided 
gravity apparatus. Further explanation in the text. 


cent. of the adults in bran migrated upwards overnight from Compartment I 
(at the bottom) in which they had been placed, and of these 55 per cent. reached 
Compartment V at the top of the column. On the other hand, only 17 per 
cent. moved downwards when placed in Compartment V at the beginning of 
the experiment, and of these only 3 per cent. reached Compartment I at the 
bottom in four overnight experiments. Comparable results were obtained with 
the larvae. 

The possibility that the upward migration might be a purely mechanical 
result of movement in an unstable, almost fluid medium (just as stones come to 
the surface of sand shaken in a pail) was excluded by repeating the experiments 
with bulb-fibre and rat-cake. In the first of these there was still a considerably 
greater tendency for the insects to move upwards than downwards. That less 
movement occurred in the rat cake may have been due to the fact that the pres- 
sure of bran on the bodies of the insects was largely removed and they had 
merely to crawl between the interstices. In this the adults were probabl 
considerably hampered by their size, while the larvae tended to slip THOT AEREE 
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TABLE IH.—Positions of Tenebrio Adults and Larvae after a Night in the 
Gravity Apparatus expressed as Percentages. Further explanation in the 


text. 
Bran. Bulb fibre. Rat cake. 
Compart- FTF —F" ——— Starting 
ment. Adults. Larvae. Adults. Larvae. Adults. Larvae. point. 
V : 55 __33 61 26 0 2 
sav 5 16 14 1183 6 0 5 
III F 11 13 6 4 5 6 I 
II 8 17 5 23 20 14 
I : 10 23 15 41 75 73 
V ; 65 39 81 5 12) 1 
IV 2 9 14 9 6 7 2 
it a 7 4 18 16 10 II 
II 11 21 Hal 4] 54 31 
I 8 19 2 30 11 56 
V 79 48 90 19 30 2 
IV oi, 11 3 4 ai 6 
Til 8 val 6 5 Sy5) 17 Til 
II 0 11 0 29 afl 30 
i 6 9 1 3 1 45 
V 84 68 95 4] 45 6 
IV 11 22 5 33 43 28 
Tit 4 4 0 9 12 30 InY 
II 0 2 0 6 0 16 
I 1 4 0 ll 0 20 
V 83 82 93 73 80 28 
DVI is) 4 2 7 15 29 
Til 4 5 2 3 4 14 V 
II 5 5 2 5 1 7 
I 3 4 1 12 0 22 


through the gaps. They may even have shown positive geotaxis in response to 
unsuitable thigmotactic stimuli. The millipede Paradesmus gracilis (C. L. 
Koch)! showed positive geotaxis only under the stimulus of desiccation (Cloudsley- 
Thompson, 1951). At the same time there may have been less tendency to 
wander in a medium of greater nutritive value. 

In order to determine whether the response was affected by the ends of the 
gravity cylinder, a number of experiments were carried out with the apparatus 
lying on its side. In others it was strapped to a vertical wheel revolving once 
every 24 minutes. Under these conditions no aggregation of adults or larvae 
at either end of the apparatus was apparent. During a number of overnight 
experiments of each type the insects became fairly evenly distributed throughout 
the five compartments, with a slight excess, particularly of adult non-starters, 
in that compartment in which they had originally been placed. Larvae showed 
more horizontal movement, perhaps correlated with the fact that their gravity 
response is less marked. 

The speed of ascent was measured in similar series of experiments, during 
which the insects were left for varying periods of time after being placed in 


1 See note on the nomenclature of this species in Cloudsley-Thompson (1951), p. 254. 
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Fic. 4.—Negative geotaxis in Tenebrio molitor adults (black) and full-grown larvae 
(stippled). Positions after a night in the gravity apparatus expressed as percentages. 
Further explanation in the text. 


Compartment 1 at the bottom of the gravity cylinder. The results of these are 
summarised in Table IV. It is teresting to note that a small number of 
adults and larvae were able to reach the top of the column in a period as short 
as half an hour. 

In a number of cases individual adults and larvae which had been particularly 
successful in one vertical migration were marked with cellulose paint to see 
if they would repeat the performance a second time. There was no marked 
indication, however, that a beetle which had once moved an unusually great dis- 
tance in one experiment could do the same in subsequent experiments. Nor 
did animals that had moved downwards on one night show any tendency to 
do the same on following nights. At the same time there was no apparent 
difference in the behaviour of the two sexes in their reaction to gravity. Never- 
theless, as far as possible, fresh insects were used in each experiment of a series 
in order that the effects of individual variations should be reduced to a minimum. 

The results of experiments carried out with smaller larvae indicate that these 
are positively geotactic and move downwards in bran. For example, of those 
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TABLE IV.—Speed of Ascent : Percentages of Tenebrio Adults and Larvae after 
Different Periods of Time in the Gravity Apparatus, starteng from Compart- 
ment I (below). Further explanation in the text. 


ADULTS. 
. Hours. 
ompart- —— = ak == — = 
ment. 4. ite iz 2 24 34 roby 9 A 7 4E 5 5k. OG 
Vi ees 5 4 4 12 20 14 26 22 25 22 af 31 
Veen: 4 0 1 2 5 9 3 7 4 7 7 
It. oO 4 2 7 4 4 8 3 2 1l 6 11 
Th 3 10 11 12 24. ll 15 ll 17 23 12 10 
I 90 78 83 8 50 66 42 61 49 40 38 41 
LARVAE. 
Hours. 
Compart- — =e aera 
ment. 4. le 1k. ae 23. Bs 34. 4 4, 5 54. 6. 
V 4 2 7 13 19 7 4 Pai 14 14 16 9 
IV 1 0 0 2; 5 ay 3 3 8 6 15 5 
Iii 2, 0 1 2 5 9 3 2 6 4 Af 6 
I 0 4 4 6 itl 11 6 4 4 9 10 9 
I 93 94. 88 il 60 71 84 70 68 67 b2 Tf 


placed initially in Compartment III in the middle of the gravity cylinder, 30 
per cent. moved downwards overnight to Compartment IV and 18 per cent. 
reached Compartment I at the bottom ; but only 4 per cent moved upwards to 
Compartment IV, and 9 per cent. to Compartment V at the top. 


(a) Effect of Light on the Gravity Response. 

Since Tenebrio molitor adults and larvae quickly burrow a short distance 
into the bran when illuminated from above, it was necessary to determine 
whether light exerted a direct effect upon their gravity response. For this 
purpose a second gravity apparatus was constructed in which the beetles could 
be illuminated from the side whilst surrounded with bran. The details of this 
are shown in fig. 3. In this apparatus each of the five compartments was formed 
by two parallel sheets of glass measuring 5 x 5 em. sliding in grooves between 
two vertical wooden supports. These glass plates were only 1 cm. apart, so 
that there was not sufficient thickness of bran to provide shelter from a light 
shining through the glass. Just sufficient light passed through the bran to 
be detected by the photo-electric meter. 

The light could, however, be excluded from some or all of the compartments 
by means of pieces of black glass fittmg into parallel sets of grooves outside 
those holding the glass plates forming the compartments. In experiments with 
this apparatus, only ten adults and ten larvae were used at a time, to prevent 
overcrowding in the smaller compartments which were again separated by 
means of a thin card. 

It was found that lateral illumination did not appear to affect the direction 
or rate of movement of the insects. Furthermore, when only the two upper 
compartments (IV and V) were illuminated from the side, there was no tendency 
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for the beetles to aggregate in the uppermost of the darkened compartments 
(III) as had been expected. The gravity response therefore over-rides the 
photokinesis and negative phototaxis of this species. 


(b) Effect of Pullulation on the Gravity Response. 

There is 2 marked discrepancy between the proportions of larvae coming 
to the surface of the bran in the gravity experiments (Table III) and the small 
percentage normally found on the surface (Table I). It seemed likely that 
this might be due to the stimulus of being handled when placed in the apparatus. 
As Fraenkel and Gunn (1940) point out while discussing Crozier’s (1924) experi- 
ments, rough handling leads to violent locomotion without thigmotaxis. How- 
ever this is just the kind of stimulus likely to lead, through other reactions, to 
concealment in crevices. In the case of grain weevils (Calandra granaria L.), 
Browning (1947) found that after disturbance by mechanical or light stimuli, 
the movements of these insects were greatly increased and in consequence they 
tended to come to the surface of the grain. Such movements are termed 
* pullulation.” 

A series of experiments was therefore carried out in which the effects of 
handling were partially eliminated. In each of these 20 adults and 20 larval 
beetles were placed in the bran in Compartment I at the bottom of the column 
in the usual way, but a thin card was inserted between this and Compartment 
II so that no vertical movement could take place.- After 30 hours the card was 
gently removed and the apparatus left overnight (16 hours). The following 
morning the compartments were separated and the number of insects in each 
counted as before. The mean results of five such experiments are given in 
Table V, from which it can be seen that negative geotaxis is less in insects that 
have not recently been mechanically disturbed. 


TasLe V.—The Effect of Pullulation on Geotaxis. Position of Tenebrio Adults 
and Larvae expressed as Percentages after a Night in the Gravity Apparatus : 
starting from Compartment I (below). A. Controls : figures from Table III. 
B. Figures for insects that had previously been confined in Compartment I 
for 30 hours to eliminate the effects of mechanical and light stimulation. 


A. B. 
Compart- Ee es es ee 
ment. Adults. Larvae. Adults. Larvae. 
V 55 33 37 30 
IV 16 14 6 8 
Til 11 13 4 2, 
II 8 17 22 10 
I 10 23 31 50 


(c) Gravity Receptors. 


__ In a few cases have the gravity receptors of terrestrial arthropods been 
identified, but it has been suggested that the stimulation of various propriocep- 
tive trichoid sensillae by the weight of the body acting upon the limbs may be 
an important factor in the maintenance of equilibrium. 
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Experiments in which a pellet of lead shot was fixed to the prothoracic 
tergites of adult and larval beetles indicated that, although such insects showed 
a reduced rate of upward movement in the gravity apparatus as compared with 
controls to which light pieces of wood of a similar size had been attached, yet 
there was no reversal of geotaxis with this upset in the balance of the animals. 
The upward movement is therefore not comparable with the passive and mech- 
anical orientation of the tick Rhipicephalus sanguineus Latr. described by 
De Meillon and reported by Fraenkel and Gunn (1940). The behaviour of the 
milkweed beetle Tetraopes tetraophthalinus Guér. described by Crozier and Stier 
(1929) is similar and results in part from the torque on the legs due to the weight 
of the abdomen, but cannot be ascribed solely to mechanical effects because it 
persists when the whole abdomen has been cut off. 

The upward movement of adult and full grown larval Tenebrio was not 
affected by removal of their antennae. There seemed to be a possibility, how- 
ever, that the gravity reaction might be a response partly to internal hydro- 
static pressures caused by the weight of the fluids in the haemocoel perhaps 
acting differentially upon deep-lying chordotonal organs or air-sacs. Conse- 
quently a number of overnight experiments were carried out with the gravity 
apparatus enclosed in a large glass bell-jar within which the atmospheric pres- 
sure was reduced some 6 cm. of mercury by means of a suction pump. It was 
thought that this violent change in pressure might result in disorientation of 
the gravity response and consequent reduction in the amount of negative 
geotaxis. 

The results obtained are summarised in Table VI and indicate that this 
did indeed occur. Analysis by a simple x? test showed that the difference 


Taste VI.—EHffect of Reduced Atmospheric Pressure on Gravity Responses of 
Tenebrio Adults and Larvae. Positions, after a Night in the Gravity 
Apparatus, expressed as Percentages. A. Controls : figures from Table III. 
B. Experiments repeated under atmospheric pressure reduced by 6 cm. of 


mercury. 
Compart- Lar- Lar- Lar- Lar- Lar- Lar- 
ment, Adults. vae. Adults. vae. Adults. vae. Adults. vae. Adults. vae. Adults. vae. 
Vi 55 33 65 39 79 48 84 6 83 82 366 270 
AE 16 14 9 14 7 LE all 22 5 4 43 65 
Ay Hil 11 13 7 i 8 21 4 4 4 5 34 50 
8 17 11 21 0 it ( 2 5 5 24 56 
I 10 23 8 19 6 9 i 4 3 4 28 59 
24 52 21 47 38 71 37 83 69 321 189 
Vv 3 10 9 8 12 21 40 10 18 64 84 
B 4 Il 2 3 4 10 27 33 6 17 1 4 40 72 
1 4 31 45 9 11 0 2 3 5 44 67 
I 17, 59 4 16 5 5 2 4 3 4 31 88 
Startin g ee a) UY Sa Se UY 
points I a5 Tit IV V Totals 


was statistically significant. At the same time, the number of insects that 
moved from the compartment in which they were initially placed was reduced, 
but there was no increase in the number of adults and larvae moving downwards. 

Geotaxis in adults and larvae under reduced pressure was not affected by 
painting them with solutions of cocaine hydrochlorate, novutox or xylotox to 
anaesthetise the hair sensillae. Possibly the effect did not persist long enough 
to affect appreciably their gravity response. 

PROC. R. ENT. SOC. LOND. (A) 28. prs. 10-12. (DEC. 1953). 48§ 


130 Dr. J. L. Cloudsley-Thompson’s studies in diurnal rhythms. 


V. Discussion. 


The behaviour of Tenebrio molitor L. is of interest from an ecological point 
of view in that the life-history is passed in an exceptionally uniform environment. 
There appear to be a number of interesting parallels between the orienting 
responses of this species and those of the grain moth Ephestia elutella Hiibner 
which has been studied in detail by Waloff and Richards (1946). With the 
exception of a chemotactic response by which male beetles are attracted to 
the females, it is primarily a combination of responses to the stimulus of gravity 
and, to a lesser degree, to that of light, which determines the distribution of the 
insects in dry bran, although aggregations may occur in moist or warm patches. 
Full grown Tenebrio larvae, like fully grown Ephestia larvae, are negatively 
geotactic and negatively phototactic, but remain positively thigmotactic and 
negatively thigmokinetic. 

This is probably correlated with the fact that on emergence the adults, 
although occasionally taken in light traps at night, do not show a marked ten- 
dency to leave the bran in which they were reared, whereas adult Hphestia 
lose their response to light as they grow older and swarms of flying moths can 
be seen at any time of day in hot rooms and in conditions of overcrowding 
with mutual stimulation. Consequently it might be expected that the dispersal 
of Tenebrio would be slower than that of Ephestia. The adult beetles, however, 
probably become more active before laying eggs (Brehm and Hempel, 1952) 
which would encourage wider distribution. 

The distribution of Tenebrio molitor in bran is therefore not random like 
that of the flour beetle Tribolium confusum Duv. which has been studied by 
Park (1933). On the contrary, adults and large larvae are to be found nearer 
the top and come to the surface in darkness ; whilst the smaller larvae are more 
active and, unlike those of Ephestra, burrow downwards into the bran. 

These upward and downward movements are not due to non-directional 
locomotion towards the limits of the bran (of which the upper surface is the 
only one normally visible), as occurs in the grain weevils Calandra granaria 
(L.) and C. oryzae (L.) according to Howe (1951), because when the gravity 
apparatus was horizontal or being revolved in order to eliminate the effects of 
gravity, no aggregations of beetles occurred at the ends of the cylinder. 

Under constant conditions the periodism of Tenebrio soon disappears and 
populations presumably become arhythmic like those of Tribolivm according 
to Park and Noskins (1947). 
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VI. Summary. 


By means of visual experiments it has been established that the number of 
adult Tenebrio molitor L. of both sexes and full grown larvae on the surface of 
the bran in which they live depends upon light intensity. When the surface 
of the bran is exposed to daylight and darkness, the insects show a diurnal 
periodicity and come to the surface at night. Aktograph experiments with 
individual adults and larvae have demonstrated a composite 24 hour rhythm 
correlated with light and darkness and independent of fluctuating temperatures. 
The endogenous component of the rhythm persists for a short time in constant 
conditions and in an 18-hour cycle of light and dark. The photonegative 
response of the adult beetles has been analysed as a photokinesis combined 
with negative tropotaxis. 

Conspicuous negative geotaxis has been established in adults and full-grown 
larvae, and an estimate of their speed of ascent in bran has been obtained. 
Young larvae are positively geotactic and move downwards in the bran. The 
gravity response overrides the reaction to light, and is enhanced by the pullula- 
tion effect of mechanical and light stimuli. Since negative geotaxis is less 
marked under reduced atmospheric pressure, it is suggested that the response 
may result not only from the weight of the limbs acting upon proprioceptive 
epidermal hairs, but also from internal hydrostatic pressures in the haemocoel 
acting differentially upon deep-lying chordotonal organs. 

The distribution of the insects in the medium in which they live is thus 
regulated by their reactions to light and gravity. Adults and full grown larvae 
move upwards and come to the surface when this is not exposed to light. 
Smaller larvae, however, move downwards into the lower levels of the bran. 
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THE IMMATURE STAGES OF METOPHTHALMUS SERRIPENNIS 
BROUN (COLEOPTERA ; LATHRIDIHDAE). 


By 8. M. Hamman, B.Sc., F.R.E.S. 
(Department of Zoology, University of Bristol.) 


Metophthalmas serripennis Broun (1914) is a New Zealand species first recorded 
in England in 1928, when it was found in a wine cellar. Its distribution in the 
United Kingdom is summarised by Hinton (1941, 1945), who has given a de- 
scription and figure of the adult. Since then additional locality records are 
listed by Aubrook (1949). The present paper is based on specimens collected 
in the cellar of a house in Bristol. 


Lire History. 


The adults were successfully bred in the laboratory at a temperature of 
75° F. and a relative humidity of 95-100 per cent. They were bred on fungi 
growing on pieces of bread kept in petri-dishes. 

Oviposition began on the fourth day after feeding on the fungi. The eggs 
are laid singly on the surface of the bread. They are stuck to the fungi, and are 
partly or completely hidden by it. 

The egg hatches in five to eight days and the.larva remains attached to the 
shell for a few hours after hatching. The larva began to feed on the fungi as 
soon as its head was out of the shell. On hatching the larva was one-third 
larger than the shell. The empty shell was luminous in the dark with different 
colours, mostly green. The cuticle of the newly hatched larva was also luminous 
but much less so than the shell. 

Each of the three larval instars lasts for about three days. The prepupal 
stage of the last larval instar lasts one day and the pupal stage six days. All 
the three instars, like the adult, feed exclusively on the spores, conidia and 
hyphae of the moulds. 

When the adult first emerges from the pupa, the elytra are white, and the 
remainder of the body is pale brownish testaceous, but the eyes are black. The 
adults are entirely coated with a waxy substance about 0-01 mm. thick. This 
is white, transparent, and can be removed with dissecting needles. After about 
ten to twelve days the adults assume their normal dark brown colour. The 
adults begin to lay eggs after about eleven days. 


EXTERNAL MorpHoLocy or THE IMMATURE STAGES. 

The egg: Length, 0-15 mm. ; breadth, 0-04 mm. Oblong oval with head end slightly 
broader (fig. 14). Ventral side as strongly convex as the dorsal side, but sometimes very 
feebly convex, or feebly and very broadly sinuate. Surface not sculptured ; colour whitish 
opalescent. 

Mature larva; Length, 1-23 mm.; breadth, 0-25 mm. Head, 0-16 mm. long and 0-15 
mm. broad. Cuticle whitish testaceous ; head slightly darker. Body subcylindrical and 
parallel-sided in all larval instars. 
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Fic. 1—a, Hgg x 220; 3, dorsal view of mature larva x 45; ©, apex of abdomen of 
mature larva x 310; D, metathoracic and first abdominal sternites x 45; 8, outer 
surface of left hind leg x 280; ¥, dorsal view of cuticle of first instar larva x 115. 
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Head with shape and setae approximately as shown in fig. 24, B; on each side with one 
ocellus with a distinct cuticular lens above pigment spot. Labrum setose as in fig. 2a ; 
the epipharynx is smooth and without setae. Clypeus with anterior margin brondl ME 
sinuate and broadly rounded in the middle. The antenna (fig. 3c) has three segments with 
long setae on the apex of the third segment and another short one arising on the posterior 
margin of the same segment ; there is an accessory spine arising more or less on the apex of 
the second segment and another two short setae near the outer margin of this segment ; 
the second segment is twice as long as the first or third, and two-thirds as lone as broad. 
Mandibles (fig. 3a, B) of both sides more or less similar; each with a large, ans feebly 
sclerotised apical part from the outer apex of which arises one very long seta, and another 
slightly shorter, stout seta; the membranous part carries two short setae on the dorsal 
side ; the membranous part has an inner apical, sclerotised toothed structure with five 
large apical teeth, two smaller and many other much smaller subapical teeth on its ventral 
side ; basal part more strongly sclerotised and with a large ventral grinding surface ; inner 


Fic. 2.—Head of mature larva. a, dorsal view; B, ventral view x 215. 


side near base also with a grinding surface and middle of inner side with three prominent, 
heavily sclerotised teeth. Maxilla (fig. 3p) has a three-segmented palp and an entire mala 
with setae as shown in figure ; the basal segment of the palp is as long as the apical one and 
three times as long as the second segment. Labium (fig. 3p) with setae as shown in figure ; 
labial palp with a single segment. 

Thorax and abdomen (fig. 18, c) with numerous long and short, more or less curved, 
moderately stout setae; abdomen with ten segments. The functional annular spiracles 
are above the pleural region near the anterior margin of the second thoracic and first eight 
abdominal segments ; the thoracic spiracles are about twice as large as the first abdominal 
ones ; the abdominal spiracles gradully decrease in size towards the end of the body ; the 
spiracles open into a well-defined flask-shaped atrium from which a short tube extends to 
the main dorsal trunk. 

Pro-, meso- and metasternites each with a transverse double row of setae on the apical 
third (fig. 1p), the setae being much shorter, more slender and much less strongly curved 
than those of the tergites. Abdominal sternites (fig. 1D) each with a transverse row of three 
setae on each side of the middle of the segment, in the posterior segments the outermost 
seta moves towards the posterior margin; there is also another transverse double row of 
setae slightly anterior to the row on the middle of the segment ; the last abdominal sternite 
bears no setae. Legs all similar in shape, length and chaetotaxy to the hind leg (fig. 18). 

About one day before pupating, the third instar larva stops feeding and 
attaches itself to the substratum by means of an anal secretion. The whole 
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body becomes shorter and stouter, becoming 0-97 mm. long and 0:27 mm. 
broad; head, 0:13 mm. long and 0-16 mm. broad. The cuticle is now whitish 


instead of whitish testaceous. 


THe LARVA. 


Comparative notes.—Neither larvae nor pupae of other species of Metoph- 
thalmus have been described. The nearest larva to it is that of Cartodere filum 


Fig. 3.—a, dorsal view of left mandible x 370; B, ventral view of left mandible x 410: 
c, dorsal view of antenna x 330; pb, ventral view of maxillae and labium x 150. i 


Metophthalmus serripennis Broun (Coleoptera : Lathridiidae) 137 


Aubé, but it differs from the latter as follows: (1) Mandibles with five instead 
of four large apical teeth ; (2) maxillary palp of three segments, first and third 
segments the same length, and three times the length of the second segment 
whereas in C. filum the first and second segments are the same length and the 
third is as long as first and second together ; (3) anterior margin of labium evenly 
and broadly rounded instead of sinuate ; and (4) the arrangement of the setae 
on the tergites and sternites differs greatly from that of CO. filum. 


Second instar : Length, 0-55 mm. when first moulted ; breadth, 0-15 mm. ; head, 0-06 


mm. long; 0:1 mm. broad. Cuticle whitish testaceous with head slightly darker. Similar 
to third instar. 


SS 


CFS 


Fic. 4.—Pupa. A, dorsal view x 53. 8B, ventral view x 57. 


First instar : Length, 0-24 mm. when first hatched ; breadth, 0-01 mm. ; head, 0-03- 
0-05 mm. long ; 0-05 mm. broad; differs from second and third instar larvae as follows : 
(1) Head distinctly broader instead of narrower than thorax and basal abdominal segments ; 
(2) antenna with accessory spine much longer than, instead of nearly the same length as, 
the second segment; (3) setae of dorsal surface longer in proportion to total length but the 
arrangement on the cuticle is practically identical with that of the adult larva as shown in 
fig. lr; and (4) tarsus nearly as long as tibia, as in the mature larva. Cuticle whitish 
testaceous with head very slightly darker. The first instar larva grows very quickly to 
nearly three times its size when hatched. 

The pupa: Length about 0-75 mm. ; breadth (across first abdominal segment and in- 
cluding elytra), 0:25 mm.; head, 0-1 mm. long; 0-2 mm. broad. Cuticle whitish ; eyes 
dark brown in nearly mature specimens ; setae long, moderately stout, more or less curved, 
and pale testaceous (fig. 44, B). 


Head completely concealed from above by pronotum ; with a deep longitudinal depres- 
sion on middle of front ; surface with three setae on each side as follows: one in front of 
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the anterior margin of the eye ; one below the previous one but twice as far from the anterior 
margin of the eye as the first seta; the third seta is behind the second one and just below 
the anterior margin of the eye. Antenna extending caudally and outwards and attaining 
knee of front leg, with three short setae on its two-segmented club ; labrum narrower than 
clypeus and not enclosing sides of the latter. 

Pronotum shaped much as in adult ; with 13 setae on each lateral margin, two at about 
apical third and near the lateral margin on each side ; one long seta each side slightly an- 
terior to basal margin, and another one each side slightly longer and anterior to the latter 
but closer to each other; slightly anterior to the middle of the pronotum there are two 
tubercles. Mesonotum with two setae near anterior margin and two longer setae slightly 
anterior to the middle of the mesonotum and very near to the apical margins of the elytra. 
Elytra extending caudally and ventrally to posterior margin of second abdominal sternite ; 
each elytron bears three setae, one at about basal sixth on the middle, another smaller seta 
on fourth interval at about basal third, and a third and much smaller seta near the external 
margin of the elytron on apical third. 

Metanotum and first seven abdominal tergites each with a row of four long setae on caudal 
third ; the two in the middle slightly anterior to the others ; ninth segment with two stout, 
more or less parallel urogomphi which are about as long as ninth tergite, nearly four times 
as long as broad, and each is clubbed at apex. Abdominal tergites 2-6 each with four 
long setae on each side ; first abdominal segment with three setae only ; seventh and eighth 
each with one seta only on each side. Abdominal spiracles are situated near anterior 
margins of the first seven segments. Sternites without setae. 

The last larval skin always remains attached to the pupa and covers the last two or three 
segments of the abdomen. Legs each with three long setae on or near knee. Front pair 
extend to basal fourth of first tarsal segment of the middle pair; middle pair extend to 
basal fourth of the first abdominal sternite and to hind coxae, and are more widely separated 
at apex than the front pair ; hind pair extend nearly to caudal margin of second abdominal 
sternite and at apex are separated by half the tarsal length. 


THe Pura. 


Comparative notes.—It may be readily distinguished from all other known 
pupae of Lathridiidae by the two tubercles on the apical third of the pronotum. 
It resembles the pupa of Cartodere filum Aubé, but is differently setose, the an- 
tennae extending to the knee of the front leg instead of to the middle femora, 
and the hind legs extending to the posterior margin of the second abdominal 
sternite instead of to the middle of the latter. 
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ON THE FEEDING HABITS OF CLINOCERA (WIEDEMANNIA) 
BISTIGMA CURTIS (DIPTERA: EMPIDIDAE) 


. 


By B. R. Laurence, F.R.E.S. 


Species of the genus Clinocera are well known to frequent water surfaces, and 
Lundbeck in 1910 drew attention to the resemblances between Clinocera and 
certain species of the Dolichopodidae and Ephydridae with similar habits. 
Some species of the Dolichopodidae and one species of the Ephydridae, in 
common with the Gerridae and Gyrinidae, are known to feed on organisms 
caught in the surface film (Laurence, 1952). It was therefore not surprising 
to find the same habit in Clinocera bistigma Curtis at Malham Tarn in York- 
shire in August, 1952. 

The water level of the Tarn has been artificially raised and the overflow 
from the lake is carried down a concrete slope, which also overflows on one side 
down the vertical wall of the slope to deeper more stagnant water in a channel 
below. Clinocera bistigma was exceedingly common on the moist wall of the 
slope and also could be found walking about on clumps of filamentous alga 
floatmg on the surface of the channel at the foot of the wall. Mating took place 
on the vertical wall. Males suddenly jumped on a female and during copulation 
had their wings turned forwards and the abdomen curled round to the right of 
the wings of the female. In this position the couple would jerk or shake in 
the same way as mated Tachypeza nubila Mg. 

All feeding was observed on the clumps of alga on the water surface. Three 
females were first caught feeding on a dead drowned male Scatophaga (Cordy- 
luridae). Other females were observed feeding on a dead Trichopteran adult. 
Natural food was scarce, but by placing squashed Limonia didyma Mg. (Tipu- 
lidae) adults on the alga the Empids could be induced to feed. During feeding 
the front legs are extended over the food and the head held down between them. 
It was quite common for a squashed Tipulid to be completely covered by a 
group of feeding Empids. It was possible to collect the Empids by placing a 
tube over such a group, and 21 males and 56 females of Clinocera bistigma were 
caught in this position, and also one female Clinocera lota Haliday. This latter 
species was much commoner on stones in the fast flowing water of Gordale Beck 
nearby. 

The habit of feeding on dead insect remains is a surprising one for a member 
of the Empididae and is approached, so far as is known, only by the peculiar 
habit of females of Microphorus crassipes Macq. of feeding on prey on spiders’ 
webs (Laurence, 1948). All other described Empid feeding habits are those of 
active predators, in some of which (Hilara, Hmpis, Rhamphomyia) the capture 
of prey is associated with courtship behaviour (Hamm, 1908, 1909, 1928 ; 
Parmenter, 1950; Smith, 1949). J 

An examination of the structure of the mouthparts and head of Clinocera 
bistigma was therefore of interest in order to see how the more typical piercing 
type of proboscis of the Empididae could be modified. The terminology used 
in the remainder of the paper is that of Snodgrass (1943). 
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The head capsule, as seen from the side, is rather rectangular, and elongated 
ventrally beneath the eyes (fig. 1). The proboscis 1s very short and the labrum 
is hidden laterally by the drooping one-jointed maxillary palps. There are no 
pseudotracheae in the labella, and both labrum and labium are fringed with 
teeth or bristles. On dissection, some individuals were found to have the 
cibarium full of white fragmented solid material, which presumably is taken. 
directly into the cibarium from the surface of the insect food, by the action of 


Fias. 1-5.—(1) Head of Clinocera bistigma Curtis from left side. (2) Head with wall of 
head capsule, apodeme, and tentorium removed from left side. (3) Head with wall of 
head capsule removed from left side, but with apodeme and tentorium intact. (4) 
Anterior view of labium with dorsal lateral supports of labella removed. (5) Mechanism 
of movement of the labella by muscles inserted on the apodemes. 


the dilators of the cibarial pump. ‘The cibarial pump is very large (fig. 2),. 
and its dorsal cornu ascend to the level of the antennae. During feeding the 
orifice of the cibarium is probably kept pressed down on to the food by the 
action of the large protractor muscles inserted between the cornu and the lateral 
tentorial arms, and also inserted on to the sides of the head capsule. These 
muscles would also hold the cibarial pump against the action of the cibarial 
muscles. 

The roof of the labrum appears to be membranous, although the margin is. 
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rigid, and the labral muscles are apparently inserted on to a sclerotised rod in 
the labral roof, although the actual insertion of these muscles is difficult to 
make out. Dorsally the labral muscles are inserted on either side of the 
antennae. The membranous margin of the labrum, if pushed into the food, 
would cut off a space in front of the hypopharynx. Contraction of the labral 
muscles would lift the roof of the labium and this would take food up into the 
space between labrum and hypopharynx, and thus up to the orifice of the 
cibarial pump. 

Nothing comparable with an oesophageal pump has been identified, although 
there are small short muscles between the dorsal cornu of the cibarial pump and 
the head capsule between the antennae. It is possible that the oesophageal 
pump has been crowded out by the dorsal enlargement of the cibarial pump 
up to the bram. An oesophageal pump is present in the Asilidae and other 
Brachycera but absent in the Cyclorrhapha (Snodgrass, 1943). 

The labella are large and extremely complex (fig. 4), but are without pseudo- 
tracheae. The inner face of each labellum is supported by a sclerotised plate and 
these meet one another posteriorly in the midline. These plates support a 
dense fringe of bristles ventrally and have above them a pair of small hinge-like 
accessory sclerites. 

The outer face of each labellum is convex and set with setae. A row of small 
peg-like teeth are set on a membranous part of each labellum. 

The labella are hinged posteriorly to a knob-like condyle of the mentum, 
but are deeply cleft anteriorly and project forwards to surround the hypo- 
pharynx. The hinge line between the labella seems to be a vertical one and 
not horizontal. The mentum is a relatively small plate deeply cleft dorsally 
and almost completely hidden within the head capsule. 

Arising from the anterior tips of the inner plates of the labella, running 
backwards and superficially along their dorsal edge and then upwards, are a 
pair of heavily sclerotised apodemal rods. These appear to be rigidly con- 
nected to a pair of less heavily sclerotised apodemes (fig. 3, 4 and 10) which 
ascend vertically into the head capsule to end far above the lower margin 
of the eyes. Dorsally these rods come to lie in the space cut off by the lateral 
tentorial arms and the posterior lateral wall of the head capsule (fig. 3). 

At the base of each compound apodemal rod are two muscles, one of which 
is inserted on to the mentum and apparently on to the lower heavily sclerotised 
part of the apodeme, and the other arises from the base of the less heavily 
sclerotised part of the apodeme and is inserted up on to the tentortum and 
neighbouring head capsule near the neck foramen. Contraction of these muscles 
will apparently open and lift the labella (fig. 5). 

Inserted dorsally on to each apodeme is a muscle which runs obliquely down- 
wards to be inserted on to the margin of the clypeus, outside the clypeal ridge, 
above the base of the maxillary palp (fig. 3). Contraction of this muscle will 
tend to rotate the apodeme, pulling the labella downwards and inwards (fig. 5). 
These movements possibly drag the labella backwards and forwards over the 
food and the fringe of hairs and tooth rows would break up the food and tend 
to brush it inwards towards the labrum. 

There appear to be no published descriptions of similar labial apodemal rods 
in other Empids, and nothing appears to have been recorded about their 


homology. 
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Similar apodemes and muscles occur in Clinocera Lota, and similar apodemes 
in the related genus Dolichocephala. 

The same apodemes and muscles also occur in those Dolichopodids, such as 
Medeterus (fig. 9), which break up their prey between the labella, although 
the mental muscles here are more greatly developed and the labrum is movable. 
Similar apodemes are present in the Dolichopodid genera Liancalus (fig. 11), 
Dolichopus, Newrogona and Sciopus (see also Wesche, 1904). 

The muscle relations of the upper, less heavily sclerotised, part of the apo- 
demes, of one muscle inserted dorsally on the apodeme and above the maxillary 
palps, and one muscle inserted ventrally and on to the tentorium, are extra- 
ordinarily similar to the muscle relations of the maxilla (cranio-cardinal and 
tentorio-stipital muscles) described by Gouin (1949) in male Tabanus bovinus L. 


Fies. 6-8.—Evolution of the maxilla in the Empididae. (6) Head of Hmpis tessellata F. 
dissected from left side. (7) The same of Tachypeza nubila Mg. (8) The same of 
Clinocera bistigma Curtis. 


In Empis tessellata ¥. the maxilla projects inside the head capsule as a short 
darkly pigmented rod. Inserted on this rod are three muscles, one of which is 
inserted above the maxillary palps on to the lateral wall of the clypeus just 
ne the clypeal ridge, and the other pair are inserted on to the tentorrum 

g. 6). 

_ However, one can go further. Lundbeck (1910) says that the Tachydro- 
miinae in the Empididae do not possess maxillae. Tachypexa nubila F. is a 
member of this subfamily which pierces its prey by means of the pointed labrum 
and hypopharynx. In the position of the maxillae are a pair of internal apo- 
demal rods which just project externally to articulate with two anterior arms 
of the labrum (fig. 7). Again a pair of muscles runs obliquely downwards from 
these apodemes to be inserted on either side, near the maxillary palps and out- 
side the well-developed clypeal ridge. Another pair of muscles arises close to 
the articulation of the apodeme with the labium, although possibly not on the 
apodeme itself, and these run upwards to be inserted near the neck foramen 
posterior to the short tentorium. Anterior views of the labium of Tach ena 
and the labium of Clinocera compare very favourably. Possibly the fede 
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of the apodeme in Tachypeza is to flex the labium, perhaps whilst using the 
labrum and hypopharynx to pierce the soft bodied prey. 

The figure by Frey (1921) of the musculo-fulcro-maxillaris of the stipes of 
Calobata is extremely similar to the condition in Tachypeza, and Frey homolo- 
gises the muscle with the accessory flexor muscle of the haustellum described 
by Hewitt (1910) in the house fly. Peterson (1916) has traced a series, however 
without reference to the muscles, showing that the pair of labral apodemes of 
the Calypterates are in fact maxillae, although this view is criticised by Snod- 
grass, apparently on the grounds that the apodemes are in the wrong position. 


Gouin (1949), however, supports the view that the labral apodemes are modified 
maxillae, 


Fies. 9-11.—(9) Proboscis of Medeterus sp. dissected from right side. Fries. 10-11.—An- 
terior views of the right labellum, labial apodeme and base of maxillary palp of an 
Empid and a Dolichopodid. (10) Clinocera bistigma Curtis showing compound struc- 
ture of apodeme. (11) Liancalus virens Scop. showing fusion between parts. 


If, therefore, the maxillae have come into relation with the labrum in the 
Cyclorrhapha, it appears that in the Empididae the maxillae have come into 
relation with the labium. It is of interest that the Dolichopodidae—the more 
Cyclorrhaphan of the Brachycera (see, however, Hardy, 1953)—show the con- 
dition of the Empididae. Some Dolichopodids possess an elongate proboscis 
(Hercostomus) and feed on pollen. These species retain a pair of apodemes in 
the labium and, apparently as in Tachypeza, these are used to flex the proboscis 
during feeding, but no observations seem to have been made of how these species 


feed. 


SUMMARY. 


1. The feeding habits of Clinocera bistigma Curtis are described. This 
species is peculiar in the Empididae in the habit of feeding on dead insects 
trapped in the water film. This habit may be shared by all the Clinoceratinae. 

2. The muscles of the mouthparts, and their possible function, are described. 

3. Clinocera bistigma and C. lota Haliday possess inside the head capsule a 
pair of apodemes of uncertain homology. Similar apodemes are present in the 
related genus Dolichocephala, and appear widely distributed in the Dolichopo- 
didae. 

4. It is suggested from the muscle relations that these internal apodemes 
are maxillae and that in the Dolichopodidae and Clinoceratinae the maxillae 
become incorporated into the labium to move the labella. 
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Abbreviations used in the Figures. 


a., apodeme (-maxilla). acm., apodemal-clypeal muscle. alscl., accessory labellar scle- 
rite. atm., apodemal-tentorial muscle. atp., anterior tentorial pit. c., clypeus. cm., ci- 
barial muscle. cp., cibarial pump. cr., clypeal ridge. dsp., dilator of the salivary pump. 
e., eye. h., hypopharynx. J., labium. la., labial apodeme. /fr., labellar fringe. U., 
labella. Ur., labrum. JUra., labral apodeme. Iym., labral muscle. Iscl., labellar sclerite. 
Jtm., labio-tentorial muscle. m.,mentum. mil., membranous part of labella. mm., mental 
muscle. mp., maxillary palp. maz., maxilla. o0., oesophagus. pcp., protractors of ci- 
barial pump. rcp., retractor of cibarial pump. sd., salivary duct. sp., salivary pump. 
t., tentorium. tr., tooth row. 
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THE EVERSIBLE VESICLES OF CAMPODEA (THYSANURA). 


By F. H. Drummonp. 
(Zoology Department, University of Melbourne.) 


EVERSIBLE vesicles are found in most apterygote insects in association with 
the abdominal appendages. In the Diplura and Thysanura they are situated 
at the posterior margin of the sterna of one or more of the pregenital segments. 
They are actually borne on the primitive limb bases which in these insects are 
incorporated into the sterna, and hence are known alternatively as coxal 
vesicles, 

Vesicles are also found in a corresponding position in the Symphyla and a 
few diplopods. A pair of organs of possibly the same nature are present on the 
collum segment of Pawropus (Tiegs, 1947). 

_ Inthe Protura and Collembola, vesicles are present but have a different situa- 
tion from those of the above groups. In the Protura they are at the extremi- 
ties of the abdominal limbs ; in the Collembola there is a pair at the end of the 
ventral tube. Because of this difference in position there is some doubt as to 
their homology with the vesicles of other insects and myriapods (Sedlag, 1951). 
Denis (1949), however, believes that the ventral tube of Collembola represents 
the fused coxae of the limbs of the first abdominal segment, and uses the term 
“ coxal vesicles.”’ He also suggests that the terminal sclerite of the abdominal 
limbs of Protura, which most authors have accepted as a second segment, is 
a secondary development ; so that here too the vesicles are coxal in origin. 

‘Evidence is accumulating that in all these groups of insects and myriapods 
the vesicles have, as their principal function, the absorption of water from the 
substratum. This has been demonstrated in representatives of the Thysanura, 
Collembola and Symphyla. As shown below, it is also the case in Campodea. 

The observations were made on Campodea fragilis, an introduced species 
which is abundant in some garden soils in Melbourne. 


’ THe STRUCTURE OF THE VESICLES. 


In Campodea there are six pairs of vesicles on the second to seventh abdo- 
minal segments. They open to the exterior by transverse clefts at the pos- 
terior margin of the segments just medially to the abdominal styles. The 
opening has no valves, but is situated in a recess or vestibule formed by an 
infolding of the intersegmental membrane. In the retracted position the 
vesicles lie below the ventral longitudinal muscles and extend forward for about 
one-fifth of the length of the segment. 

The wall of the vesicle consists of a delicate cuticle and an epithelium. 
(fig. 1). Near the opening this epithelium is similar to the epidermis, but 
towards the free end of the vesicle it is composed of what are often referred to 
as giant cells. In my preparations I could not detect cell boundaries; the 
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epithelium here appears to be syncitial (Haase, 1889). The absence of cell 
boundaries is perhaps related to the fact that eversion of the vesicles must 
involve a considerable and sudden displacement of the cytoplasm. In the 
syncitium the nuclei occur either singly, in which case they are very large and. 
often lobed, or in groups of two or three smaller ones. 

As described by Haase (1889), Marten (1939) and Pagés (1951) there are 
three retractor muscles inserted on the end of the vesicle. The two smaller 
ones, which are of equal diameter, are inserted close together towards the 
medial side. The third muscle, which has a diameter four to five times that of 
the others, is inserted laterally. It runs across just anterior to the vesicle and 
then forwards between the other two. The three muscles are attached close 
together on the anterior margin of the sternum. 


Fig. 1.—Sagittal section of retracted vesicle. 61., blood; f.6., fat body; «.mb., 
intersegmental membrane ; 7.m., large retractor muscle ; st., sternum. 


Pagés (1951) has described a fourth muscle which he calls a protractor. 
He states that it is serted at one end near the opening, and at the other on 
the free end of the vesicle. In my material there is a muscle which, as Pagés 
describes, is inserted dorsally at the opening of the vesicle but it passes obliquely 
forward to an insertion on the upper lateral margin of the sternum, about half- 
way along the segment. Haase (1889) observed a similar muscle in Machilis. 
Its probable function is to enlarge the opening when the vesicle is being everted. 

Kversion of the vesicles is evidently brought about by blood pressure. In 
etherised specimens it can be caused artificially by firm compression of the 
abdomen. The vesicles then remain everted until the insect recovers from the 
anaesthetic. In fixed material everted vesicles are filled with coagulated 
blood. Haase’s figure of the everted vesicle shows the epithelium as a uni- 
formly flat layer with scattered giant nuclei; eversion actually carries the bulk 
of the syncitium to the distal end (fig. 2). 
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Fic. 2.—Sagittal section of everted vesicle. Lettering as in fig. 1. 


THe FUNCTION OF THE VESICLES. 


Nearly all authors who have investigated the function of the vesicles in 
Campodea have commented on their failure to observe voluntary eversion in 
the living animal. A possible explanation for this is given by the observations 
of Haase (1889) and Willem (1924) on Machilis. Both authors state that just 
prior to, and during eversion, the insect is completely immobile. With Campo- 
dea the illumination necessary for observation stimulates continuous activity. 
In the absence of any direct observation of their use, suggestions as to the 
function of the vesicles have been based entirely on interpretations of their 
structure and they have been regarded as glandular, excretory or respiratory 
organs (see Haase, 1889) or as hygroreceptors (Marten, 1939). 

The vesicles of other arthropods have had a similar range of functions 
attributed to them, but more recently have been shown to be water-absorbing 
organs. This has been demonstrated in Machilis (Willem, 1924), in Ony- 
chiurus (Nutman, 1941) and in the symphylid Hanseniella (Tiegs, 1947). Nut- 
man’s observations have been confirmed for other Collembola by Sedlag (1951) 
who concluded that, while the ventral tube and vesicles may sometimes serve 
as an adhesive organ, and also play a part in the performance of the toilet, 
their principal function is to absorb water from the substratum. 

That the vesicles of Campodea also have this function is suggested, firstly, 
by the fact that the retracted vesicles commonly contain particles of earth or 
debris, indicating that when everted they are applied to the soil surface, and 
secondly by the similarity between the epithelium of the vesicle and that of the 
rectal ampulla. In many insects the rectal epithelium has, as its principal 
function, the absorption of water from the faeces. 

Water absorption by the vesicles of Campodea can be demonstrated by 
experiments similar to those of Tiegs (1947) on Hanseniella. The insects were 
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first subjected to some degree of desiccation by exposure to a current of dry 
air for 10-15 minutes and were then left on filter paper dampened with an 
aqueous solution of methylene blue. It is important that the filter paper 
should not be actually wet, for if free liquid is present, stain will be found only 
in the gut. This may happen when the filter paper is only damp, but with this 
precaution, some of the insects (one or two out of each experimental group of 
five) showed a selective staining of the vesicles. In all, eight specimens out of 
thirty gave this result. In the remaining twenty-two the vesicles were un- 
stained, but in five stain was present in the gut. 

The capacity of the vesicles for rapid absorption of stain was shown in other 
experiments. Specimens whose vesicles had been everted by compression of 
the abdomen were ligatured in the region of the neck, and placed with the 
ventral surface in a film of aqueous methylene blue. As a result of ligaturing 
the vesicles remained permanently everted. Within ten minutes they became 
deeply stained. This was not a superficial effect; the stain had penetrated 
into the cytoplasm. Absorption of stain occurred nowhere else, except at the 
ligature where the cuticle was damaged. 

It appears, therefore, that the vesicles of Campodea are able to absorb 
water from the substratum. They are evidently not used to the same extent 
as those of Machilis. In this, Willem’s observations indicate that the vesicles 
are the principal means of water intake. Specimens given access to it, after 
having been confined in a dry container, made no effort to drink, but immediately 
everted their vesicles and applied them to the water droplets. In Campodea 
the vesicles seem to be used only when there is insufficient water to permit 
drinking. This, however, would be fairly typical of the normal environment of 
Campodea and the vesicles could play an important part in its water economy. 

The fact that the vesicles of Campodea have the same function as those of 
Hansemella, and are used in similar circumstances, is of particular interest 
because on other grounds (Tiegs, 1949) the Diplura are regarded as the insects 
having the closest affinities with the Symphyla. 
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THE AUTHORSHIP OF THE SPECIES OF COCCOIDEA 
(HEMIPTERA) DESCRIBED FROM 
MAURITIUS IN 1899. 


“By Raymonp Mamet, F.R.E.S. 


(Rose Hill, Mauritius.) 


StupENts of the Coccoidea have hitherto attributed the authorship of the 
species described from Mauritius, in the Publications de la Société Amicale 
Serentifique (1899) to D’Emmerez de Charmoy. The title-page of the publi- 
cation under reference forms Fig. 1. 

It is quite clear from this that D’Emmerez de Charmoy is the author of the 
“ Notes sur les Cochenilles,” and that he and A. Daruty de Grandpré are the 
co-authors of the “ Liste raisonnée des Espéces Mauriciennes.”’ The whole 
publication is, in fact, divided into four chapters, of which Chapter 4 (pp. 
20-48) deals with the “ Nomenclature des Cochenilles de Maurice,’’ which is 
obviously referable to the “‘ Liste raisonnée des Espéces Mauriciennes ” men- 
tioned on the title-page. The other chapters, which are preceded by a short 
introduction (pp. 1-2), deal with ‘“‘ Remarks on the family’ (Chapter I: 
pp. 2-14) ; “ Natural enemies and artificial methods of control of the Coccidae ”’ 
(Chapter II: pp. 14-18); and “ Microscopical study and preservation of 
specimens ”’ (Chapter III: pp. 18-19). 

I accidentally came across a copy of the Annual Report of the Museum for 
the years 1898 and 1899 (Colony of Mauritius), written by A. Daruty de Grandpré, 
Superintendent of the Museum, and dated 18th May, 1900, in which the author 
clearly states, on page 1, paragraph 9: 

“Mr. D’Emmerez de Charmoy, my Assistant, and myself have 
devoted much time in 1898 to the classification and determination of 
the Insects of Mauritius: the ‘Scale Insects’ group of Coccidae has 
been particularly observed, and we have succeeded in publishing a 
monograph of all the insects of this group in Mauritius.” 

Mr. Daruty de Grandpré is evidently referring there to the Monograph or 
“ Liste raisonnée ” or “‘ Nomenclature ” published early in 1899, in the Publi- 
cations of the Socrété Amacale Scientifique. 

Further, on page 2, first paragraph of the section entitled, “Scientific 
work of the Museum,” of the same Report, Mr. Daruty de Grandpré again 
stressed that, 

“In 1898, my Assistant, Mr. D’Emmerez de Charmoy, and myself 
have continued with the same assiduity our searches in connection with 
the entomological Fauna of this Island.” 

On page 3, paragraph 4, of the same Report, Mr. Daruty de Grandpré 
writes : 

« |. This group of insects (Coccidae) which now generally 
attracts the attention of Entomologists on account of the relationship 
which exists between them and the cultivated plants has been for several 
years the subject of our particular studies; we have succeeded in 
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(Extrait des publications de la “ Société Amicale Sctentique”, 
24 Mars 1899.) 
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NOTES SUR LES GOCHENILLES 


(Conference faite a la Société Amicale Screntifique le 24 Mars 1899) 


PAR 


DONALD D'EMMEREZ DE CHARMOY 


Assistant au Museum Desjardins. 
Membre de la Société Royale des Arts et des Sciences, 
Membre de la Societe Entomologique de France. 
Suivies d’une liste raisonnée des especes Mauriciennes 
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DE 


M.A. DARUTY DE GRANDPRE 


Directeur du Musewm. 
Secrétawe de la Société Royale des Arts et des Sctences, ‘ete. 
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Fic. 1.—Donald D’Emmerez de Charmoy : Notes sur les Cochenilles 1899. 
Facsimile of Title Page. 
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preparing a list (with diagnosis) of the species to be found in our country, 
@ manuscript copy of which I have the honour to append to this Report 
and to request that His Excellency the Governor, considering the 
interest which the Public might have to read it, be pleased to have it 
published in several copies for distribution as this will answer very well 


the purpose of applications for information which we constantly receive 
on such questions.* ”’ 
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Annexe au Rapport Annuel du Museum Desjardins 


1898 & 1899. 
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Fic. 2.—A. Daruty de Grandpré & D. D’Emmerez de Charmoy : Liste raisonnée des 
Cochenilles 1898-1899. Facsimile of Title Page. 
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The asterisk refers the reader to a footnote, on the same page (page 3), 
which reads as follows : 

“+ Vide Annexure to the Annual Report on the Museum for 1898 
and 1899. (Liste Raisonnée des Cochenilles).” 

A copy of this Annexure (24 pages) is also at hand and its title-page 1s repro- 
duced as Fig. 2. ; 

This title is repeated on page 1 of the Annexure, and is immediately followed 
by a taxonomic study of the Coccoidea of Mauritius known to the authors at 
that time. 

This study is a verbatim reproduction, without plates (though references 
to plates are given in the text), of Chapter IV of the communication presented 
by D’Emmerez de Charmoy, on his and on Daruty de Grandpré’s behalf, to 
the ‘‘ Société Amicale Scientifique,” on the 24th March, 1899. 

The preceding remarks prove beyond any doubt that Daruty de Grandpré 
and D’Emmerez de Charmoy are the co-authors of the description of the species 
of Coccoidea which appeared in the Publications de la Société Amicale Screntifique 
in 1899. 

I would suggest that these authors’ names be abbreviated as follows : 
Grandpré and Charmoy, or, in a much shorter style: Grand. & Charm. 

The following is a list of the species described as new in the publications 
mentioned above : 


References. 


SS 
1900, Annex. 
1899, Publ. Ann. Rep. 


Name by Soc. Amic. Mus. Maur. Present 
original description. Scien. Maur. 1898-99. status. 
Aspidiotus aloes var. simplex . pp. 20 js ll . Hemiberlesia simplex 
Grand. & Charm. (Grand. & Charm.) 
Aspidiotus (Selenaspidus) - pp-20&21 pp.1&2 . Selenaspidus articulatus 
articulatus var. simplex simplex 
Grand. & Charm. Grand. & Charm, 
Aspidiotus (Diaspidiotus) . pp-20&23 pp.1&3 . Duplaspidiotus tesseratus 
lesseratus (Grand. & Charm.) 
Grand. & Charm. 
Diaspis ewphoriae ; p- 28 105 7 . Pseudaulacaspis major 
Grand. & Charm. (Cockerell) 
Mytilaspis hibisci : p. 32 paul . Lepidosaphes hibisci 
Grand. & Charm. (Grand. & Charm.) 
Mytilaspis greeni - pp. 32 &33 pp.11&12 . “ Coccomytilus”’ greeni 
Grand. & Charm. (Grand. & Charm.) 
Fiorinia alluaudi é p. 35 p. 13 - Emmereziaspis alluaudi 
Grand. & Charm. (Grand. & Charm.) 
Fiorima alluaudi var. galli- . pp.35&36 pp.13&14 . Emmereziaspis galliformens 
formens : (Grand. & Charm.) 
Grand. & Charm. 
Fiorinia cockerelli : - pp. 35 & 37 pp.18&15 . Leucaspis cockerelli 
__, Grand. & Charm. (Grand. & Charm.) 
Pulvinaria cariei : p. 41 p. 18 . Pulvinaria cariet 


Grand. & Charm. Grand. & Charm. 
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OBSERVATIONS ON THE FEEDING HABITS OF A PREDACEOUS 
MOSQUITO LARVA, CULEX (LUTZIA) TIGRIPES GRANDPRE 
AND CHARMOY-(DIPTERA). 


By Nancy Jackson, B.Sc. 
(Department of Parasitology, University College, Ibadan.) 


INTRODUCTION, 


Ir has been known since this mosquito was first described that the larva of 
Culex (Lutzia) tigripes is predaceous; as its food seems to consist almost 
entirely of larvae of other mosquitoes it was thought that a study of some of 
its feeding habits would help to demonstrate the part it may play in mosquito 
control in its natural larval habitats. The work done by Paine (1934) and 
Muspratt (1951) on Toxorhynchites (Megarhinus) species and by Haddow (1942) 
on Culex (L.) tagripes has indicated the large numbers of other mosquito larvae 
which such predaceous species may dispose of during their larval development. 

The present work was carried out at University College, Ibadan, in South- 
West Nigeria. All larvae used in the experiments were collected from earthen- 
ware pots placed in various positions on the University compound, with the 
exception of Aédes (Stegomyia) aegypti Linnaeus larvae, which were obtained 
from a breeding stock in the laboratory. The other larvae used in the experi- 
ments were Culex sp. and Anopheles gambiae Giles. Culex (L.) tagripes has not 
so far been bred successfully in the laboratory. 


THe Prepaceous Hastrt. 


A consideration of the numbers of larvae eaten in the laboratory by L. 
tigripes indicates that Lutzia must already play an important part, in its natural 
breeding places, in the control of other mosquito larvae. In three days in the 
laboratory, one Lutzia ate 28 third stage A. aegypti and another ate 35. The 
numbers eaten depended on the size of the prey ; when fed second or third 
stage A. aegypti, one Lutzia ate 67 and another ate 61. When some first stage 
A. aegypti were used as food, 21 first stage + 67 second or third stage were 
eaten, a total of 88 eaten by one Lutzia. Haddow (1942) does not give any 
comparable figures for total numbers eaten, but Muspratt (1951), studying 
another predaceous mosquito larva, Toxorhynchites brevipalpis Theobald, states 
that 100-200 other larvae may be killed by one Towxorhynchites but does not 
mention the size of the prey. 

‘Cannibalism ”’ is said to be obligatory in the subgenus Lutzca (Hopkins, 
1952), thus accounting for the anatomical modifications seen in the larvae. 
Although the predaceous habit (as distinct from cannibalism) is certainly 
general in the subgenus, the following experiment indicates that food other than 
mosquito larvae can form at least the greater part of that taken by this species. 

Nine second stage Lutzia larvae were isolated in 3 in. x | in. specimen 
tubes, each tube covered by mosquito netting. Three were unfed and each 
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lived three days. Three were fed on dog-biscuit crumbs ; one larva lived five 
days and two lived four days. Three were fed on dried yeast, and of these, one 
lived ten days, one lived eight days and died in the pupal stage and one emerged 
in seven days. (Both the pupa and the adult appeared to be quite normal.) 
It is thus possible for Lutzia to be reared from the second stage without other 
larvae on which to feed, although it is fully appreciated that the larvae used 
may well have devoured other larvae before they were brought into the labor- 
atory. Until L. tigripes can be bred from the egg in the laboratory it is difficult 
to avoid this possibility and show whether or not full development can occur 
without mosquito larvae forming any part of the diet. Evidently, however, 
they need not form more than a small part, but it seems probable that at 
Ibadan, in the field, any suitable water containing Lutzia will contain other 
species also, and it seems likely that under ordinary circumstances mosquito 
larvae will form most, if not all, of the diet consumed. 


PREFERENTIAL FEEDING By C. (Lutzia) tigripes. 


It was noticed by casual observation in the laboratory (during attempted 
breeding of Lutzia) that Aédes aegypti larvae appeared to be eaten in preference 
to larvae of Culex sp. or of Anopheles gambiae, so the preferential feeding habits 
of Lutzia tigripes were studied with reference to these three species. 

Three evaporating basins (diameter 3 in.) were prepared, each to contain 
one A. aegypti, one Culex sp. and one A. gambiae larva, and one L. tigripes larva 
(third stage) was added to each basin, the basin being filled to within j in. 
of the brim with tap water. Two larvae of each of A. aegypti, Culex sp. and 
A. gambiae were also put into a half-filled laboratory sink (dimensions: 15 in. 
x 124 in. x 6 in.) and one Lutzia larva added. In all cases the Lutzia larvae 
had previously been isolated without food for one and a quarter hours. The 
time was noted whenever a larva in any of the containers was eaten, and as 
soon as one was eaten it was replaced by a similar one so that there was a con- 
stant number of larvae in each basin. During the four hours when the larvae 
were under observation no larvae were eaten in the sink, six A. aegyptv were 
eaten in basin I, three A. aegypti and one Culex sp. in basin II and five A. 
aegyptt in basin IIT, so that in 14 cases out of 15, A. aegyptr larvae were eaten 
first and in apparent preference to other larvae. 

This experiment was continued during the following three days when six 
evaporating basins as well as the sink were kept under observation for varying 
periods each day, each container with one second stage Laitzia which had been 
isolated and starved for 24 hours previously. Throughout all parts of this 
experiment larvae were always put into the containers gently, and away from 
others ; if nothing was eaten in one container for several hours the Lutzia was 
disturbed to see if it was still alive ; small quantities of larval food (powdered 
biscuit) were added at intervals to the containers, and some green algal food 
was also added. When the water had to be changed in any of the containers 
the Luiza was first temporarily removed, so that no larvae were caught on 
account of the turbulence caused by adding water. Results for the observa- 
tion periods during the day were recorded separately from the numbers of 
larvae eaten at night, or at those times during the day when the basins were 
not being continuously watched. 
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Results. 


Total number of larvae eaten during 15 hr. 45 min. of observed periods 
throughout whole experiment : 61 A. aegypti, 4 Culex sp., 5 A. gambiae. 

Total number eaten during whole experiment: 74 A. aegypti, 10 Culex sp. 
5 A. gambiae. ; 

Thus during all the observed periods, in 87 per cent. of the cases A. aegyptr 
were eaten first and in apparent preference to Culex sp. or A. gambiae. “The 
latter two species were eaten first in 5-5 per cent. and 7-5 per cent. of the cases 
respectively. During the four hours of the experiment on the first day no 
larvae were eaten in the sink. During the rest of the experiment only one A. 
aegyplr was seen to be eaten, one A. aegypti and one A. gambiae in unobserved 
periods, compared with 14, 24, 22,13, 2 and 4 larvae eaten in the six basins 
used during the last three days. In the case of the last two low figures, the 
Luiza larvae concerned died before the end of the experiment and were pro- 
bably moribund much of the time. 

_ These experiments suggest that Lutzia, even when partially starved, makes 
little effort to seek for prey, and that larvae are seized and eaten when, generally 
by chance, they come within striking distance. This conclusion is supported 
by the way in which, in the sink containing a much larger volume of water than 
the evaporating basins, far fewer larvae were eaten. (Incidentally, relatively 
less food of a vegetable or detritus-like nature was present in the sink, so Lutzia 
had less chance of alternative nourishment here than in the evaporating basins.) 

The apparent preference of Lutzia for Aédes appeared to be due to the greater 
activity of that species, which rendered it more vulnerable than Culex or 
Anopheles. Experiments were therefore made to investigate this point. 


SPONTANEOUS MOVEMENT. 


Aédes aegypti larvae apparently moved more frequently in the water than 
the others, and this was confirmed by studying both the spontaneous move- 
ments, and the movements induced after stimulation, of A. aegypti, Culex sp., 
A. gambiae and L. tigripes larvae. Five of each of these larvae were isolated 
in evaporating basins in approximately 30 ml. of tap water + 5 ml. of water 
containing green algal material. These twenty larvae were watched each for 
one minute in rotation in eight consecutive periods during the day and the 
length of time during which swimming, wriggling movements occurred each 
minute was graphed. No recordings were taken until the larvae had been in 
the basins for half an hour in order to omit the first movements which may have 
been caused abnormally by the transfer into the basins. In the case of Culex 
sp. (and occasionally with A. aegypti and A. gambiae) a different and distinct 
“feeding movement ” was also noted. This type of movement was slow, and 
was effected by the movement of the mouth brushes in feeding, and not by the 
lashing movement of the whole abdomen, as in the more usual swimming. 


RESULTS. 


It can be seen from the table that in each of the eight periods the group of 
five A. aegypti larvae were more active than any other groups of five larvae. 
Throughout the day there was a reduction in amount of movement between 
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one period and the next except for the seventh period in the case of A. aegyptt 
and Culex sp. (observations were then being made after an interval of two and a 
half hours). These two species may be particularly sensitive to some external 
stimuli such as the vibration caused by opening and closing the laboratory 
door or by the shadow of the observer walking past the basins. 

The variation in amount of movement occurring between the five larvae 
of any one group was seen to be considerable, but nevertheless the duration 
of spontaneous movement of A. aegypti larvae was found to be significantly 
longer than that of the other larvae observed. An analysis of variance was 
carried out and the value of the variance ratio between the species was 
found to be 16-9. For the degrees of freedom 3 and 21 the values of the variance 
ratio for the 5 per cent., 1 per cent. and 0-1 per cent. levels of significance are 
3-1, 4-9 and 8-0 respectively (see Table V, Fisher and Yates), so that this result 
shows a significance greater than the 0-1 per cent. level. Similar results were 
obtained when the experiment was repeated. In all periods except number 4, 
Lutzia moved a total in all periods of only 49 seconds, compared with 579, 232 
and 176 seconds for A. aegypti, Culex sp. and A. gambiae respectively (1.e., 4-7 
per cent. compared with 55-9, 22-4 and 17 per cent. respectively of all the 
movement shown). 


Taste I.—Spontaneous Movement. 


Showing (a) the number of seconds per minute during which each larva 
moved and (b) the total number of seconds (out of a possible 300) when any 
one of a group moved. 


Period. Aédes aegypti. Culex sp. ies a Luiza tigripes. 

1 (a) 0, 36, 30, 42, 40 5, 9, 14, 0, 11 4, 16, 0, 12, 0 0, 8, 0, 0, 3 
(b) 148 39 32 1l 

2 (a) 2, 27, 10, 26, 33 (OS 1h, O, Be OS TiO UG, 0, 3, 4, 4, 7 
(b) 98 63 42 18 

3 (a) per 1a, 27h a! 2, 1, 12, 0, 26 178, 05 14. 17 05.2; 2,,073 
(b) 76 41 40 i 

4 (a) yepvael esis Sil 0, 0, 2; 0, 5 O20 0st ON OF 15e5e 
(b) 94 7 2 7 

5 (a) OP OF 27k? 20, 0, 0, 0, 0, 4, 7, 0, 13, 4 0, 0, 0, 0, 0 
(0) 40 20 28 0 

6 (a) 053,50, 285,16 6, 0, 0, 0, 12 Te Ws Biel! 0, 0, 0, 2, 0 
(0) 47 18 14 2 

7 (a) Se, Oye oy. 8, 0, 0, 31, 0 O0F05 10s 0, 0, 0, 0, 0 
(b) 58 39 11 0 

8 (a) 055.0; OF 18350 OFON 2 ESO) Bye a EW 0, 4, 0, 0, 0 
(b) 18 5 7 4 


InpucED MovEMENT AFTER STIMULATION. 


The same four species were used, and again five of each of the species were 
isolated in evaporating basins for an initial period of three hovrs. The twenty 
larvae were then individually stimulated by tapping the edge of each basin 
once with a glass pipette, and the time in seconds during which movement 
continued, as a result of this stimulation, was recorded. In each case the 
larva was never stimalated until it was first seen to be motionless, Stimula- 
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tions in Periods 1, 2, 5 and 6 were by tapping the basins with a pipette, and 
those in 3, 4, 7 and 8 were by touching the larvae with a pipette. 
Again, it can be clearly seen that in every period A. aegyptr larvae continued 
to move for a longer time after stimulation than any of the other three species 
used. The totals, for each group of five individuals, also illustrate that in 
four of the periods (Nos. 2, 5, 6 and 8) ZL. tegripes larvae moved for a longer 
time after stimulation than either Culex sp. or A. gambiae ; the total number of 
- seconds in all periods when movement was shown by any of the Lutzia larvae 
was 76, compared with 368, 53 and 36 seconds for A. aegypti, Culex sp. and A. 


gambiae respectively (i. e., 14-3 per cent. compared with 69, 9-9 and 6-8 per cent. 
of all the movement shown). 


TaBLe Il.—Induced Movement. 
Showing number of seconds each larva moved after stimulation. 


Anopheles Lutzia 


Period. Aédes aegypti. ] : ‘a i 
es aegypti. Total Culex sp. Total. aan, Total. figripes: Total 
ly AD Spe le Sy teh GPR a Te ie saa Weta th AO Gh gy a1} 
% iO, 2s Gh Ye SG pees Oy te a TRL we Se aE Sh as see ae! 
5 Oh. By By a ie I Uh SEO Ale) SY oR Oe Ry ie) 
> MDs, 1G, GRE. Se GSS IL On Sr a Oe) 8 Reh eyo ay 
She PE IG Siete GP tye OSCE Ih” “yee o a ili etsy Ibi Oe a) 
4 DO eo ecce oda l lee hie al yOu Ome D. doe. t. a6 
a Os) G5 Gs Wek woh fl ie Saleh th oie SS ee GG a Oe ileal Zu 
8 toy AUSSIE Maksy.  SN bai alee Naa beat atk cage Ie, ies 1 2 


By contrasting these numbers with the percentages given for the spontaneous 
movement experiment it can be seen that when stimulated L. tagripes will show 
more movement, but when no stimulation is given it will remain motionless 
more frequently than either Culex sp. or A. gambiae. It seems probable that 
this increase in amount of movement after stimulation can be accounted for 
by the predaceous habit of the Zutzia larva. When a stationary Lutzia larva 
is approached or touched by its prey, it will continue to be active for several 
seconds afterwards. 

The results from periods 1, 2, 5 and 6 were compared with those from period 
3, 4, 7 and 8 using Student’s ¢ test, to see whether a significant difference could 
be shown between the two methods of stimulation. A comparison of the totals 
from all species in these two sets of periods gave a value for ¢ of 0-234. For 6 
degrees of freedom, ¢ must be greater than 2-45 to be significant at the 5 per 
cent. level (see Table III, Fisher and Yates), so that there is no indication of 
any difference between the stimuli when the amount of total movement in each 
period is considered. The four species were then considered separately, when 
it was found that no significant difference existed between the two sets of periods 
for either A. aegypti or Culex sp. (¢ was 0-384 and 1-02 respectively with the 
degrees of freedom again being 6). But with A. gambiae t was found to be 
3-46, a result which lies between the 2 per cent. and 1 per cent. levels of signifi- 
cance. (For 6 degrees of freedom ¢ must be not less than 3-14 and 3-71 for the 
2 per cent. and 1 per cent. levels of significance respectively.) The result for 
L. tigripes was found to be even more significant ; ¢ was found to be 7:8, a 
result greater than the value for ¢ at the 0-1 per cent. level of significance (where 
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t must be greater than 5-96 for 6 degrees of freedom). It can be seen from 
Table II that 4. gambiae showed more movement in periods 3, 4, 7 and 8, when 
stimulation was by touching the larvae, whereas the Lutza larvae were more 
stimulated by the general vibration caused by tapping the basins. 


DISCUSSION. 


The fact that Lutzia adults are blood suckers, despite the statement by 
Lewis (1947) that they are seldom or never found biting man, renders this genus 
much less suitable for any biological control measures, such as those instigated 
in the Pacific Islands with Toxorhynchites. The present observations indicate 
that L. tigripes is of less importance in the control of A. gambiae than in that 
of A. aegypti. If Lutzia does not hunt for its prey, as is indicated by the small 
number of larvae eaten in the sink in the preferential feeding experiment, it 
would probably never eliminate other larvae from a habitat. However, it is 
not uncommon to find Lutzia occurring in a natural habitat with no other 
larvae present, which may indicate that under these circumstances its control 
of the other larvae has been complete. 


SUMMARY. 


The numbers of mosquito larvae eaten by single Lutzia were recorded, these 
numbers varying with the size of the prey: 88 A. aegypti larvae were eaten in 
one instance by one Lutzia. 

Attempts were made to rear Culex (Lutzia) tigripes larvae on food other 
than their normal prey, and one adult was successfully bred by feeding the 
larva from the second stage on dried yeast. 

The preferential feeding of Lutzia was studied with reference to three other 
species of mosquito larvae: in 87 per cent. of the cases observed A. aegypti 
larvae were eaten first, and in apparent preference to Culex sp. or A. gambiae. 
It was found that when Lutzia larvae were isolated in a relatively large volume 
of water, smaller numbers of other larvae were eaten when compared with the 
number eaten by Lutzia placed in evaporating basins. 

This apparent preference of Lutzia for Aédes aegypti was investigated by 
studying both the spontaneous and the induced movements of the four species 
involved. In both cases A. aegypti larvae showed a significantly greater 
amount of movement than the other three species. JL. tigripes exhibited the 
smallest amount of movement of the four species when spontaneous movement 
was studied, but showed more induced movement after stimulation than Culex 
sp. or A. gambiae. It was found to be more sensitive to a general vibration 
caused by tapping the container than to a direct stimulation by touching the 
larva. It is suggested that this can be correlated with the predaceous habits 
of Lutzia. 

The importance of Lutzia in any control measures is briefly discussed. 
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AN UNPUBLISHED ACCOUNT OF EXPERIMENTS CARRIED OUT 
AT EAST FARLEIGH, KENT, IN 1915 AND SUBSEQUENT YEARS 
ON THE LIFE HISTORY OF MACULINEA ARION, THE LARGE 
BLUE BUTTERFLY. 


By Caprain E. Bacweiu Pureroy, F.R.ES. 


Durine May of 1915 the late Dr. Chapman went to Cornwall to pursue further 
investigations into the life history of the Large Blue butterfly (Maculinea 
arion). On pulling up a plant of wild thyme he disclosed a half-grown arion 
larva and damaged it in so doing. The plant was growing on or close to a 
nest of the ant, Myrmica scabrinodis, and the larva was, in fact, among the 
ants. As it was impossible to try and rear the larva he decided to examine 
its contents under the microscope and he found that it had been feeding on the 
small larvae of that ant. That was pretty conclusive but the information was 
not broadcast at the time and we did not hear about it until the following 
autumn. No doubt this news would have saved us much trouble, but the 
fact that we were without it made the undertaking, I think, much more 
interesting. 

About this time the late Hon. C. Rothschild sent a botanist down to Corn- 
wall to tabulate all the plants he found growing with the thyme in likely spots 
where the butterfly was prevalent. He sent me the list. If I remember 
right, there were fourteen and we were able to obtain all of these, chiefly from 
Blue Bell Hill between Maidstone and Chatham. 

We began preparing for the experiments early in the spring and the hills 
or sites where the thyme and other plants were to be established and the ants’ 
nests started were placed in the sunniest part of the garden. Two hills were 
built up facing south and boarded up on each side. They were made to slope 
fairly steeply to the south. On these were planted thyme and some of the 
plants named in the Rothschild list, as we considered it quite possible that 
some succulent root was what arion required in the fourth instar. We then 
brought Lasius flavus nests of varying sizes from Blue Bell Hill and tried to 
establish several of these among the thyme. The red ant, Myrmica laevinodis, 
was common in the garden and some of these were not long in finding their 
way on to the hills. Before long we noticed that nests of them were starting 
and one in particular seemed to be very promising, being up against the side 
boarding. We ourselves did nothing about the red ants and left them strictly 
alone. The dimensions of the hills were roughly speaking nine feet by seven. 

In due course the late Mr. L. W. Newman sent us females of M. arion 
and we had no difficulty in obtaining plenty of ova. The rearing of the little 
larvae up to the completion of the third moult was uneventful. 

It was a hot Sunday morning in early August when we had the first arion 
larva ready to put out. It was placed on thyme growing on a flavus nest. 
We were to take it in turns to keep it under constant observation. It soon 
fell off the thyme and started wandering about aimlessly. For a long time 
no ant came across it, but it was eventually found by a red ant who remained 


PROC. R. ENT. SOC. LOND. (A) 28. prs. 10-12. (pc. 1953). 


Captain E. Bagwell Purefoy on Maculinea arion 161 


with it for a considerable time. Then it was reported to me that the ant 
had run away with it in its jaws, had left the hill and gone down the garden 
path into some weeds. At that moment some friends arrived unexpectedly 
from London. What a moment! Thus, the result of the first day’s observa- 
tions left us wholly mystified. 

During the next day or two other larvae were ready to be put out and the 
first of them was placed_on the ground fairly close to the laevinodis nest which 
was up against the boarding. It was found very quickly and carried under 
a plant of thyme which grew on the nest. 

These investigations were being carried out on behalf of the late Mr. F. W. 
Frohawk and it had been arranged that he should join us directly anything 
decisive occurred. Now was the moment to call him in, and he has described 
at length in his big work (1924) many of the interesting events of the next 
few days. It was Frohawk who first spotted the fact that the larva hunched 
itself up as a signal to the ant that it was ready to be carried into the nest, and 
the sketches that are reproduced in his big work were all made at East Farleigh. 

We left the hills quite undisturbed until early October when Frohawk 
came down again. 

It was a thrilling moment when we carefully removed the board that 
supported the nest of laevinodis into which we had seen disappear several 
arion larvae. Four or five inches below the surface we came across the first 
larva and Frohawk made a beautiful little sketch of the discovery before we 
investigated any further. This appears in his book, Plate 54, fig. 10. We 
found several more larvae in the same nest. 

So it will be seen that our experiments with L. flavus were of no avail and 
that M. laevinodis came on the scene entirely on its own initiative and finally 
solved the mystery. 

Frohawk has described how we subsequently experimented with arion 
larvae using the half of a large walnut shell as their home after the third moult. 
This method has the great advantage of making inspection quite simple without 
interfering much with either the ants or the larvae. It is, of course, necessary 
to add fresh ant brood from time to time. Two arion larvae can be reared 
under one big shell. 

The ant laevinodis should be employed in preference to scabrinodis as the 
former will accept larvae from another nest of its own species whereas the 
latter will not. When observed in a nest isolated by water, it carries the 
strange larvae to the edge of its platform or even pushes them into the moat. 

Although we had been successful in rearing arion larvae up to the hibernating 
stage during the first season of the experiment, it was quite otherwise with the 
pupae. For one reason or another two or three more seasons had to elapse 
before this was achieved. It was the employment of the walnut shells that 
brought success. 

I think that it was during the summer of 1918 that we bred out a beautiful 
series and they were presented to the Wellington College Museum. My son 
was at that school at the time and was acting as curator to the Museum. As 
far as I know this was the first series of “ home bred ” arion that had been pro- 
duced in England. 

The following curious incident is worth noting. I think it was during the 
third year of our experiments that we had a flower box about fifteen inches 
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square and standing on legs two and a half feet from the ground, full of wild 
thyme, and netted over. It stood in a cold greenhouse, the door of which was 
always open. Several arion females had been placed on this thyme during 
the season and either their ova or larvae removed by us. During October we 
were about to dismantle this box when we noticed, for the first time, that there 
were M. laevinodis about it; they had, in fact, established a nest in it, running 
up and down one of the legs of the box when active. On emptying the contents 
of the box, out fell about a dozen arion larvae of very small size, perhaps 
rather less than half the size of the ones we had brought up under walnut shells 
with plenty of ant’ brood. There was practically no ant brood left in this 
nest. These larvae, though so undersized, were perfectly healthy and vigorous 
and we distributed them among our shells and they settled down quite well. 
Had they been again kept on short commons after hibernation, they might 
well have produced very small imagines. Too many larvae may occasionally 
be carried into a small nest with this probable result. 

In June, 1906, Frohawk and his friend Rayward were trying to solve the 
mystery and set about digging up a number of flavus hillocks on which they had 
so often seen arion laying its eggs. They did finally turn up several nearly 
full grown larvae. Now red ants not infrequently take possession of one side 
of a flavus hillock and it is absolutely certain that the larvae they found were, 
in fact, among red ants, and I have never been able to understand how it was 
that they did not spot this at once. That they did not do so is proved by the 
fact that they proceeded to dig up many more flavus hillocks and never came 
across another arion larva. I believe myself that flavus is quite unsuitable as 
a host and I have never been able to bring the two together inany way. Under- 
feeding in a red ant’s nest might well account for the very small specimens of 
the perfect insect occasionally found. 

Finally, to discuss briefly why this problem of arion proved so difficult to 
solve. It may be said that she drew two red herrings across the path of in- 
vestigators. In the first place, she was observed to select flavus hillocks with 
great frequency and yet these nests had no secret to give up. Secondly, 
Frohawk found that larvae after the third moult would readily feed upon the 
soft interior of either green peas or runner beans. They lived on this pabulum 
for several weeks and doubled their size. This pointed very strongly to some 
succulent root being what they looked for during their last stage. 

Well, it was all intensely interesting and I shall always consider that we 
were very lucky to have a “ finger in the pie”’. 
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LARVAE OF THE BRITISH TRICHOPTERA.—40. 
By N. EK. Hicxiy, Ph.D., F.R.E.S. 


Micropterna sequaa McLachlan (Limnephilidae). 


Larvan of this species are common in the small streams which run in a 
southerly direction through the parishes of Bletchingley, Nutfield and Outwood 
in Hast Surrey. The general features of these streams have been described in 
some previous papers on their Caddis fauna, but it is noteworthy that Microp- 
terna sequax occurs in abundance within the very small locality where the rare 
Psychomyid Caddis Tinodes pallidula McLachlan occurs. During the summer 
of 1950 a number of Micropterna sequax were reared to the adult stage and their 
identity confirmed by Mr. D. E. Kimmins. 


Fics. 1-3.—Micropterna sequax McLachlan. (1) View of larva in case. (2) Head of larva 
from the front. Labrum and mandibles not shown. (3) Head of larva from behind. 


A note on case formation is given by McLachlan, who says that when the 
larger stones are added to the larger end of the case, the larva sinks the case 
into the slime at the bottom of the stream, so that only the stones used to close 
the case are visible—the larva doing this by turning in its case and digging a 
hole, afterwards resuming its ordinary position. I was not able to observe 
this in the Nutfield stream, the pupal cases being mostly found under flat 
stones on a rocky bottom. 
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Larva.—Very like larva of Stenophylax and Halesus. Length up to 19 mm. and width 
3-4 mm. Appears to be always more heavily sclerotised than those species of related 
genera which I have seen. (This refers, of course, to the darkness of colour of the sclero- 
tised areas and not to their extent or distribution.) Case of sand grains at hinder end and 
small stones at fore end. Tapering, slightly curved and only very slightly flattened. H ead : 
Anterior margin of clypeus deeply emarginate. Surface of genae and clypeus papillate—this 
feature, commonly found in the Limnephilidae, is pronounced in this species. The genae 
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Fias. 4-7.—Micropterna sequax McLachlan. (4) Labrum of larva. (5) Right mandible 
of larva from beneath. (6) Labium of larva from beneath. (7) Thoracic nota of 
larva. 


on the ventral surface thrown into a transverse fold lying between the pairs of bristle pits. 
Gular sclerite does not completely divide the genae. A number of “‘ muscle” spots prom- 
inent in this region. A pair of spots on each side contiguous and situated on oral side 
of transverse fold. Labrwm varying from light to dark chestnut with inturned horns at 
base, black and with a small black streak at each side. Mandibles: Each mandible has 
brush of hairs on inner face and one large and one small bristle at base of outer face. Mazillae 
chestnut coloured. Labiwm heavily sclerotised—mostly light to dark chestnut colour. 
Ring-like sclerite, dark chestnut in colour, envelops the labium below the insertion of the 
labial palps. Palps of two segments, the proximal being bulbous, the distal cylindrical, 
both coloured light chestnut. Prosternal horn strongly developed, chestnut coloured. 
Anal claw with a single auxiliary claw, the larger bristles set in reddish-brown raised pits. 
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SUMMARY. 
The larva of Micropterna sequaz is figured and described. 
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Chrysochraon, 54 


claudia hortensia, Euptoieta, 73 

cleobaea, Lycorea, 70 

Clinocera, 139-144 
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Hydropsyche, 15; 17-23 
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Libytheana, 63-73 

Light, response to, in Tenebrio molitor, 123— 
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littoralis asiaticus, Thisoicetrus, 29 

Locusta, 26 

longicornis, Mystacides, larva, 114-116 

lota, Clinocera, 139, 142 

lucasi, Duroniella, 25-26, 27, 30 

luteolum, Centroptilum, 91 

Lutzia, 153-159 

Lycorea, 70 


Machilis, 146-148 

Maculinea, 160-162 

major, Pseudaulacaspis, 152 

Mantis, 24 

marcellina, Phoebis sennae, 63 
maroccanus, Dociostaurus, 24, 25, 27, 29, 
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mavromoustakisi, Isophya, 25, 29 

Medeterus, 142 

mendica, Blepharopsis, 24 

Metophthalmus, 133-138 

Microphorus, 139 

Micropterna, 163-165 

migratoria solitaria, Locusta, 26 

miniata, Oedipoda, 26, 30 

minor, Labia, 45-46 

Molanna, 114 

molitor, Tenebrio, photoperiodism and geo- 
taxis in, 117-132; diurnal rhythm, 118- 
119; responses to light, 119-123; to 
gravity, 123-129 

monuste, Ascia, migration in Argentina, 
63-73 

monuste, Ascia automate, 64 

Mycetobia, 82 

Myrmica, 101, 160-162 

Mystacides, 114-116; 
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Neoperla, 93-99 

Neurogona, 142 

niger, Lasius, 101 

nigra, Mystacides, 114-116 
nipponensis, Neoperla, 98 
Noterus, 55 

nubeculosus, Culicoides, 89 
nubila, Tachypeza, 139, 142-143 


Ochrilidia, 25 

Oedipoda, 26, 30 

Omocestus, 47—56 

Onychiurus, 147 

Orchamus, 29 

ORTHOPTERA, of Cyprus, 24-30 
oryzae, Calandra, 130 


pallidipes, Calliptamus barbarus, 28, 29, 30 

pallidula, Tinodes, 111 

pallipes, Mycetobia, 82 

Palpomyia, 85-92 

parallelus, Chorthippus, 47, 49-56 

pedestris, Podisma, 47, 54-56 

pedrona, Phyciodes, 70, 71 

perfidus Leucotermes, 13 

Periplaneta, 41-44 

philippinensis, Heterotermes, 14 

Phoebis, 64, 71 

Pholidoptera, 29 

Photoperiodism in Tenebrio molitor, 117- 
123 

Phryganea, 39-40 

Phyciodes, 70, 71, 73 

platycephalus, Heterotermes, 13-14 

Podisma, 47, 54-56 

Polycentropus, 15 

Precis, 70, 71, 73 

Probezzia, 88-89, 91 

pruinescens, Palpomyia, 90 

pruinosa, Ochrilidia, 25 

Pseudaulascaspis, 152 

pseudobrevis, Cryptotermes, 14 

Pulvinaria, 152 

punctata, Corixa, musculature of legs, 31-35 

Pyrgomorpha, 27, 29, 30 


168 Index 
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rufitarsis, Aulacigaster, 77, 80 


St. Helena, termites, 13-14 

sanguineus, Rhipicephalus, 129 

Scatophaga, 139 
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Selenaspidus, 152 

semicolorata, Rithrogena, 92 

semifumosa, Palpomyia, predation, 91-92 

sennae marcellina, Phoebis, 64 

sequax, Micropterna, larva, 163-165 

serripennis, Metophthalmus, 133-138; life 
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Setodes, 74-76 

signata, Phyciodes teletusa, 70, 71 

simplex, Hemiberlesia, 152 

simplex, Selenaspidus articulatus, 152 

sinuosus, Xerohippus, 29 

Sphingonotus, 26, 27, 29, 30 

spio, Neoperla, nymph, 93-99 ; description 
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Stegomyia, 90 

strepens, Aiolopus, 26, 27, 30 
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subnigra, Wormaldia, 15; 57-62; larva, 
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Tachypeza, 139, 142-143 

Tatochila, 71 

teletusa signata, Phyciodes, 70, 71 

Tenebrio, 117-132 

tenuis, Termes, 13 

Termes, 13 

Termites, from St. Helena, 13-14 

Tetraopes, 129 

tetraophthalmus, Tetraopes, 129 

Tetraphora, 90 

tessellata, Empis, 142 

tesseratus, Duplaspidiotus, 152 

Tettigonia, 25 

Thisoicetrus, 29 

tigripes, Culex (Lutzia), larval feeding 
habits, 153-159; predation, 153-154 ; 
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tineiformis, Setodes, 74-76 

Tinodes, 36-38, 111 
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vanillae, Agraulis, 70, 71 

varia, Phryganea, larva, 39-40 
varicolor, Bezzia, 90 
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viridissima, Tettigonia, 25 
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Wiedemannia, 139-144 
Wormaldia, 15, 57-62 
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